Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


■M 


HARVARD 
COLLEGE 
LIBRARY 


fXiu  y^'^4Xt€^ 


nSTORY   OF    GEOLOGY 
AND  PALEONTOLOGY 


TO  THE  END  OF  THE  NINETEENTH  CENTURY 


BY 

KARL  ALFRED   VON   ZITTEL 

ormssoM  or  gbology   and    palvkontology   in    tiir    univfrsity   of   munich  ; 

OUtaCTOK    OP   THE    NATURAL    HISTORY    MUSEL'M   OK   MUNICH  ;     I'KESIDKNT 
OP  THE   BAVARIAN   ROYAL  ACADEMY  OF   SCIKNCKS,    l£l  C. 


TRANSLATED    HY 

MARIA   M.   OGILVIE-GORDON 

D.Sc.  (London;,  Ph.D.  (Mlmcm) 


WITH    THIRTEEN    PORTRAITS 


LONDON: 
WALTER   SCOTT,   PATERNOSTER   SQUARE. 

CHARLES  SCRIBNER'S  SONS, 
155-157     FIFTH     AVKNUK,     NKW     VOKIC 

l()Ol. 


S  L9os.'^% 


/ 


-e 


'■—''-'•v      <J,    >   ■'^'O. 


■'.  y 


PREFACE. 


-•♦- 


The  History  of  Geology  and  Paleontology  was  originally  en- 
trusted to  Julius  Ewald  of  Berlin.  The  Historical  Commission 
of  the  Bavarian  Royal  Academy  of  Sciences  could  not  have 
made  a  happier  choice.  Ewald  was  one  of  the  few  geologists 
who  had  been  actively  engaged  in  geological  research  during 
the  first  half  of  the  nineteenth  century;  he  had  witnessed  the 
most  brilliant  period  of  the  rise  of  geology  in  Germany,  and 
had  been  for  a  long  time  personally  acquainted  with  most  of 
the  great  exponents  of  the  science  on  the  Continent.  Unfor- 
tunately it  was  not  granted  to  Ewald  to  bring  his  task  to 
completion.  A  few  years  before  his  death  his  feeble  health 
compelled  him  to  give  up  the  work  he  had  undertaken,  and 
the  results  of  many  years'  labour  which  he  had  expended  upon 
it  were  entirely  lost,  as  his  will  directed  that  all  his  unfinished 
manuscripts  should  be  destroyed. 

Although  the  present  author  of  the  History  of  Geology  was 
asked  to  depict  chiefly  the  history  of  the  growth  of  the  science 
in  Germany,  the  nature  of  the  subject  is  such  that  it  could  not 
he  successfully  treated  along  national  lines.  All  civilised 
nations  have  shared  in  the  development  of  the  natural  sciences, 
the  history  of  any  one  of  which  must  be  to  a  certain  extent 
the  history  of  a  scientific  freemasonry.  The  questions  of  the 
highest  import  in  Geology  and  Paleontology  are  in  no  way 
affected  by  political  frontiers,  and  the   contribuUous  lo  \.Vv^ 
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progress  of  these  studies  made  by  members  of  any  nationality 
can  only  be  appreciated  in  their  true  values  when  held  in  the 
balance  with  the  general  position  of  research  at  the  time,  and 
with  the  discoveries  and  advances  made  by  other  geologists 
irrespective  of  nationality. 

In  spite  of  some  doubt  and  consideration  on  my  part,  it 
seemed  absolutely  necessary  to  continue  the  History  of  Geology 
and  Palaoniology  to  the  present  day.  A  historical  exposition 
of  these  sciences  which  should  close  with  the  sixth  or  even 
the  eighth  decade  of  the  nineteenth  century,  would  be  out  of 
date  in  many  respects  and  out  of  touch  with  the  modern 
standpoint  My  task  was  made  more  difficult  by  such  an 
extension  of  the  subject-matter,  as  there  has  been  no  previous 
historical  work  dealing  with  the  newer  researches.  Further, 
the  mode  of  treatment  which  appeared  most  suitable  for  the 
older  periods  could  not  be  retained  with  advantage  for  the 
treatment  of  the  modern  development.  The  greater  and 
greater  specialisation  and  branching  of  the  science  which  took 
place  during  the  latter  half  of  the  nineteenth  century,  seemed 
to  demand  individual  descriptions  of  the  different  areas  of 
research  in  preference  to  a  general  comprehensive  survey  of 
the  leading  features  in  all. 

The  geological  writings  of  antiquity  have  little  scientific 
value,  and  they  are  therefore  only  briefly  indicated.  Again,  the 
period  subsequent  to  the  downfall  of  the  Roman  Empire  and 
extending  into  the  second  half  of  the  eighteenth  century, 
though  it  has  contributed  a  number  of  noteworthy  observa- 
tions, is  mainly  conspicuous  for  its  hypotheses.  Whewell, 
Brocchi,  LycU,  and  others  have  depicted  this  older  develop- 
ment of  geology.  Keferstein's  Geschichte  und  Liieraiur  der 
Geo^nosie  is  continued  to  the  year  1840,  but  for  the  period 
from  1820  to  1840  it  supplies  only  an  enumeration  of  books 
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and  memoirs.  Friedrich  Hoffmann  gave  a  much  more  attrac- 
tive account  of  the  history  of  geology,  and  carried  it  as  far  as 
the  year  1835.  The  history  of  geology  by  Sainte-Claire 
Deville  covers  practically  the  same  ground,  but  devotes  more 
than  a  third  of  the  whole  work  to  the  writings  of  Elie  de 
Beaumont  The  eight  volumes  of  D'Archiac's  Histoire  des 
Progrh  de  la  Geologic  provide  for  the  period  1834  to  1850, 
afterwards  continued  to  1859,  an  exhaustive  discussion  of  all 
the  geological  publications  that  appeared  during  this  time, 
but  is  a  work  intended  primarily  for  the  specialist.  The 
chief  work  and  the  later  historical  writings  of  this  eminent 
Frenchman  gave  the  predominant  place  to  French  authors, 
and  owing  to  his  defective  knowledge  of  German,  the  con- 
tributions in  that  language  met  with  scant  attention. 
H.  Vogelsang's  Philosophic  der  Geologic  contains  an  interesting, 
but  very  subjective,  historical  introduction,  wherein  the  progress 
of  petrographical  knowledge  is  more  especially  considered. 
Valuable  contributions  to  the  history  of  geology  have  been 
made  by  the  fluent  pen  of  Sir  Archibald  Geikie.  His  ad- 
mirable biographies  of  Sir  Roderick  Murchison  and  Sir  Andrew 
Ramsay  offer  far  more  than  the  title  indicates.  With  unsur- 
passed literary  skill  and  scientific  mastery  of  the  subject,  they 
describe  the  development  of  geology  in  Great  Britain  during 
the  lives  of  these  illustrious  geologists.  In  a  course  of  lectures 
on  the  Fouuilers  of  Geology^  Sir  Archibald  Geikie  has  given  a 
series  of  admirable  biographies  from  which  may  be  culled 
a  connected  'account  of  the  early  advances  in  the  science  of 
geology. 

T  have  derived  information  from  nil  the  above-mentioned 
works;  but  it  has  usually  been  my  endeavour  to  consult  the 
original  sources,  and  to  form  my  own  judgment  independently 
of  all  books  of  reference.     Where  critical  treatment  was  called 
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for,  I  have  tried  to  pres^irve  the  strictest  impartiality;  in  the 
case  of  controversial  matters  which  have  already  arrived  at  a 
solution,  I  hive  limited  myself  to  the  objective  attitude  of  the 
historian. 

The  original  works  of  reference  are  cited  at  the  conclusion 
of  each  chapter,  and  will  prov«  useful  to  the  more  special 
student  of  the  subject. 

Whether  I  have  succeeded  in  the  difficult  task  of  writing 
a  History  of  Geology  and  Palaeontology  that  will  satisfy  the 
sj^cialist  and  also  commend  itself  to  every  man  of  culture, 
must  be  left  for  my  readers  to  decide. 

KARL  A.  VON  ZITTEI. 

Munich,/////^  1899. 
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TRANSLATOR'S   NOTE. 


The  text  of  the  original  has  been  somewhat  curtailed  in  the 
translation,  both  in  order  to  meet  the  wish  of  the  author,  and 
to  secure  uniformity  with  the  other  volumes  of  the  Con- 
temporary Science  Series.  I  have  omitted  entirely  a  chapter 
of  seventy-seven  pages  on  Topographical  Geology,  which  was 
more  special  in  character  than  any  of  the  other  chapters.  I 
have  also  omitted  the  lists  of  books  of  reference,  taking  care 
to  embody  in  the  text  all  the  more  important  publications ; 
and  have  condensed  the  subject  matter  wherever  it  seemed 
possible  to  do  so  without  detracting  from  the  scientific 
value  of  the  History,  These  changes  have  been  made 
with  the  author's  approval.  It  only  remains  to  add  that, 
as  a  former  pupil  of  Gcheimrath  Professor  von  Zittel's,  and 
one  who  bears  very  grateful  feelings  towards  him,  it  has 
afforded  me  great  pleasure  to  translate  this  work. 

MARIA  M.  OGILVIEGORDON. 

Amerdeen,   Odohcr  1901. 


CONTENTS. 


■♦♦- 


INTRODUCTION. 


PACKS 


First  Period — Geological  Knowledge  in  the 
Ages  of  Antiquity  -  -  -  -        i-i  i 

Second   Period — The  Beginnings    of    Palaeon- 
tology and  Geology       -  -  .  -      11-46 

Various  opinions  about  Fossils,  13;  Hypotheses  of  the 
Earth's  origin  and  history,  23 ;  Beginnings  of  geological 
observation,  34;  G.  L.  Leclercde  Bufron,4r;  Volcanoes 
and  earthquakes,  44. 

Third  Period — The   Heroic  Age  of    Geology 

from  1 790-1820  -----    46-145 

Pallas  and  De  Saussure,  49;  A.  G.  Werner  «nd  his  schofjl, 
56;  Leopold  von  Buch,  61;  Alexander  von  Humboldt, 
64;  Hutton,  Play  fair,  and  J.  Hall,  67;  Theories  of  the 
Earth's  origin  proposed  by  De  Luc,  De  la  Melherie, 
Breislak,  Kant,  Laplace,  75 ;  Local  geognostic  descrip- 
tions and  stratigraphy:  (a)  Germany,  81 ;  {d)  Austria- 
Hungary  and  the  Alps,  87  ;  (r)  Italy,  94 ;  (tf)  France, 
lielgium,  Holland,  and  the  Iberian  Peninsula,  lOO;  {e) 
Great  Britain,  108;  (/)  Scandinavia  and  Russia,  115; 
(;•)  America,  Asia,  Australia,  Africa,  119;  Progress  of 
Petrography:  Neptunists,  Volcanisls,  and  Plulonists, 
122;  Palaeontology,  125;  Text-books  and  handbooks  of 
Geognosy  and  Geology,  142. 


Xll  CONTENTS. 


PACKS 


Fourth  Period— Newer  Development  of  Geo- 
logy and  Palaeontology  -  -  -  145-152 

General  survey,  145 ;  The  influence  of  the  Universities, 
of  Geological  Societies,  and  of  the  Geological  Survey 
Departments,  146. 

CHAPTER  I. 

C!()SMiCAL  Geology-  .  .  .  -  1 53-1 71 

Cosmogony,  153;  The  Sun,  156;  The  fixed  stars  and 
planets,  157;  The  Moon,  161  ;  Meteorites  and  falling 
stars,  163 ;  Geogeny,  166. 

CHAPTER  II. 
Physiographical  Geology-  -  -  -  172-185 

Form,  size,  and  weight  of  the  Earth,  174;  The  Earth's 
internal  heat  and  the  constitution  of  its  interior,  175  ; 
Morphology  of  the  Earth's  surface,  i8l. 

CHAPTER  in. 
DvNANficAL  Geology  -  .  -  .  186-323 

General  survey,  186 ;  Carl  von  Hoff,  187 ;  Sir  Charles 
Lyell,  189  ;  (a)  Geological  action  of  the  atmosphere,  197  ; 
{d)  Geological  action  of  water — Springs,  200 ;  Chemical 
action  of  water,  202;  Erosion,  203;  Denudation,  214; 
Mechanical  sediments,  215;  Chemical  deposits  in  water, 
217;  (<•)  (Jcological  cfTccls  of  ice,  220;  Glaciers,  220; 
The  Ice  Age,  222  ;  {(/)  Geologicar  action  of  organisms, 
239;  Peat,  240;  Coals,  240;  Siliceous  earth,  243; 
Algal  an«l  foraminifcral  liineslonc,  243;  Coral  reefs,  245  ; 
Petroleum,  253 ;  {f)  Volcanoes,  254  ;  (/)  Earthquakes, 
280;  (,^)  Secular  movements  of  upheaval  and  depression, 
285 ;  {h)  Older  dislocations  in  the  earth's  crust,  295 ; 
Tectonic  structure  and  origin  of  the  continents  and 
mountain-chains,  306. 


CONTENTS.  xni 

CHAPTER  IV. 

PACES 

Petrography  .  -  .  .  -  324-362 

Werner,  324;  Nicol,  326;  Ehrenberg,  326;  C.  F, 
Naumann,  327 :  G.  Bischof,  327 ;  H.  Clifton  Sorby, 
328;  Ferdinand  Zirkel,  329;  Vogelsang,  329;  Rosen- 
busch,  331;  Fouqu^  and  Michel-L^vy,  334;  Scheerer, 
342 ;  Durocher,  343 ;  A.  Daubr^e,  344 ;  Origin  of  rocks, 
346;  Teall,  349;  Broegger,  350;  Crystalline  schists,  352; 
Metamorphism  of  rocks,  354 ;  Dynamo-metamorphism, 
357 ;  Lapwortb,  36a 

CHAPTER  V. 

PALiEONTOLOGY  -  ...  -   363-424 

General  principles,  363 ;  Fossil  plants,  368 ;  Fossil 
animals,  375 ;  Protozoa,  383 ;  Spongida,  386 ;  Coelen- 
terata,  388 ;  Echinodermata,  392 ;  Brachiopoda,  397 ; 
Mollusca,  400 ;  Lamellibranchiata,  401 ;  Gastropoda, 
401  ;  Cephalopoda,  402 ;  Arthropoda,  406 ;  Vertebrata, 
409;  Fishes,  410;  Amphibians,  412;  Reptiles,  415; 
Birds,  41S;  Mammals,  418. 


CHAPTER  VI. 
Stratigraphical  Geology  -  -  -  .  425-541 

A.  The  early  foundations  of  stratigraphy,  425 ;  B. 
Special  stratigraphy,  438  ;  (a)  Archaean  and  pre-Cambrian 
rocks,  439 ;  {d)  Cambrian  and  Silurian  systems,  441 ; 
(r)  Devonian  system,  448;  {d)  Carboniferous  system, 
450 ;  {g)  Permian  system,  453 ;  (/)  Triassic  system, 
459  ;  U)  Jurassic  system,  497 ;  {A)  Cretaceous  system, 
514;  (0  Tertiary  system,  526;  (-(•)  Quaternary  forma- 
tions, 538. 


HISTORY  OF  GEOLOGY  AND 
PALitONTOLOGY. 


INTRODUCTION. 

First  Period— Geological  Knowledge  in  the  Ages 

OF  Antiquity. 

In  all  ages  there  have  been  men  who  have  given  serious 
thought  to  the  historical  aspect  of  our  terrestrial  home,  to  its 
origin  and  its  development;  but  any  clear  conception  of  the 
beginning  of  the  Earth — based,  that  is,  upon  scientific  facts  -  - 
was  as  remote  from  the  most  cultured  nations  of  antiquity  as 
it  is  at  the  present  day  from  the  barbarous  races  of  mankind. 
The  polymorphous  myths  of  the  Creation  represent  the  varying 
ideas  which  were  formed  regarding  natural  phenomena;  the 
limit  of  the  spiritual  field  of  vision  determined  the  wider  or  more 
circumscribed  flights  of  imagination.  The  wide  chasm  between 
the  childish  Saga  of  Creation  handed  down  by  the  Bushmen, 
Australians,  Eskimos  and  Negroes,  and  the  grand  poetic 
conceptions  of  the  Aryan-Germanic  races  of  Europe,  conveys 
to  us  the  immense  difference  at  that  time  in  the  condition  of 
culture  and  intellectual  capacity  of  these  peoples. 

Tradition  has  preserved  to  us  the  cosmogenetic  and  geo- 
genetic  views  of  the  civilised  races  of  the  Mediterranean 
countries  and  of  Asia,  and  these  arouse  our  admiration  by 
their  poetry  and  philosophic  depth.  But  there  was  no  trace 
either  of  exact  observation  of  natural  phenomena,  or  of  logical 
deduction  from  such  observations. 

Amongst  the  ancient  stories  of  the  Creation  the  Babylonian 
and  Jewish  accounts  are  pre-eminent  for  their  intuitive  skill 
and  for  the  excellence  and  conciseness  of  their  language.    The 
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traditions  of  the  Babylonians  are  recorded  in  the  cuneiform 
inscriptions  found  in  the  ruins  of  Nineveh.  Creation  begins 
with  Chaos.  The  gods  arose  before  heaven  and  earth  had 
taken  shape,  while  the  tumultuous  floods  of  oceans  were  still 
intermingled  in  the  universal  chaos.  The  gods  chose  Marduk 
to  be  their  champion  against  Tiamat,  the  disturbing,  chaotic 
ocean-flood.  Marduk  armed  himself  with  lightning  flash  and 
thunderbolt,  and  called  the  winds  to  his  assistance.  Marduk 
vanquished  Tiamat,  and  divided  his  corpse  into  two  parts; 
from  the  one  part  he  created  the  heavens,  and  from  the  other 
the  earth  and  the  sea.  Marduk  peopled  the  heavens  with  stars, 
the  dwellings  of  the  great  gods.  Then  followed  the  .creation 
of  plants  and  animals,  and  fmally  the  creation  of  the  two  first 
human  beings  out  of  clay.  The  evident  agreement  of  the 
Babylonian  and  Jewish  conceptions  becomes  even  more  ap- 
parent in  the  account  of  the  Deluge,  which  was  at  first  only 
known  to  us  from  the  epic  of  Berosus,  but  has  now  also  been 
discovered  in  cuneiform  inscriptions. 

The  Mosaic  account  of  the  Creation  far  excels  the  Baby- 
lonian in  its  noble  simplicity  and  in  the  strength  and  beauty  of 
the  language.  In  it  the  origin  of  the  world,  of  the  earth  and 
its  inhabitants,  is  represented  as  the  work  of  a  personal 
Almighty  God.  The  Jews  were  alone  among  the  great  nations 
of  antiquity  in  realising  the  godhead  as  a  unity — all-powerful, 
all-embracing.  The  Mosaic  account  was  incorporated  in  the 
Bible  of  the  Christian  Church,  and,  unfortunately,  became 
invested  with  a  scientific  value  by  the  Church.  This  retarded 
the  development  of  geology  for  many  centuries,  inasmuch  as 
theologians  regarded  the  Mosaic  account  as  a  divine  revelation, 
an  essential  dogma  of  the  Christian  Church,  and  sought  to  sup- 
press any  investigations  and  writings  of  scientific  interest  which 
did  not  harmonise  with  it. 

While  certain  natural  events,  such  as  earthquakes,  floods, 
and  sometimes  volcanic  eruptions,  recur  in  the  primitive  tradi- 
tions of  the  different  nations,  these  cannot  be  regarded  as 
affording  a  basis  of  geological  facts;  their  interest  is  rather 
mythological  and  religious  than  scientific. 

The  Greeks  were  less  inclined  than  the  Oriental  nations  to 
interweave  the  ideas  of  mythology,  religion,  and  science;  they 
viewed  natural  events  from  a  more  critical  standpoint,  and 
treated  them  as  subjects  of  philosophical  speculation.  Various 
hypotheses  were  formed  to  explain  the  beginning  of  the  earth. 
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Hesiod's  "Theogony"  is  the  oldest  of  the  Greek  cosmogonies,  ' 
but  from  what  we  know  of  it,  the  speculations  of  this  early 
Greek  philosopher  were  rather  brilliant  flights  of  fancy  than 
efforts  to  assimilate  observations  of  natural  phenomena. 
Thus,  the  world  is  said  to  have  taken  origin  from  a  primeval 
chaos,  and  to  have  given  birth  to  the  heavens,  the  mountains, 
and  the  oceans;  then  the  races  of  gods  sprang  from  the  earth 
and  the  heavens. 

/  Thales  of  Miletus,  the  contemporary  of  Croesus  and  Cyrus, 
'  considered  that  everything,  animate  and  inanimate,  was  derived 
from  water^  His  gifted  scholar,  Anaximander  (born  circa  611 
Rc),  arrived  at  a  higher  conception  of  Nature.  He  depicted 
an  infinite,  all-pervading  primeval  substance,  possessing  ^n 
inherent  power  of  movement  from  the  first.  The  energy  of ' 
this  primeval  matter  determined  heat  and  cold,  and  the  mix- 
ture of  these  conditions  gave  origin  to  the  development  of 
fluid;  the  earth,  the  air,  and  a  surrounding  circle  of  fire 
differentiated  from  the  fluid  state.  The  stars  sprang  from  fire 
and  air;  the  earth  rested  in  the  centre  of  the  whole  universe, 
and  under  the  influence  of  the  sun  brought  forth  the  animals 
which  inhabit  it.  These,  including  human  beings,  were  at 
first  fish-like  in  form,  consistent  with  the  semi-fluid  state  of 
their  environment.  Thus  Anaximander  had  the  merit  oT 
appreciating  certain  physical  states  as  attributes  of  universal 
matter;  his  work,  ttc/ji  c^^wrcws,  is  unfortunately  lost. 

Xenophanes  of  Colophon  (born'  614  B.C.)  is  reported  by 
later  writers  to  have  observed  the  shell  remains  of  pelagic 
mollusca  on  mountains  in  the  middle  of  the  land,  impressions  of* 
laurel  leaves  in  the  rocks  of  Paros,  as  well  as  various  evidences 
of  the  former  presence  of  the  sea  on  the  ground  of  Malta,  and 
to  have  attributed  those  appearances  to  periodic  invasions  of 
the  sea  during  which  men  and  their  dwellings  must  have  been 
submerged.  The  historian  Xanthus  of  Sardis  (circa  500  B.C.) 
also  drew  attention  to  the  occurrence  of  fossil  shells  in 
Armenia,  Phrygia,  and  Lydia,  far  from  the  sea,  and  concluded 
that  the  localities  where  such  remains  occur  had  been  for- 
merly the  bed  of  the  ocean,  and  that  the  limits  of  the  dry 
land  and  the  ocean  were  constantly  undergoing  change. 

Herodotus  (born  484  B.C.)  mentioned  the  presence  of  fossil 
shells  of  marine  bivalves  in  the  mountains  of  Egypt  and  ntar 
the  oasis  of  Amnion.  From  this  fact,  as  well  as  from  the  salt 
constitution  of  the  rocks,  Herodotus  forme^-^he  opinion  that 
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I>v»*rr  ^jy-  '-^  ':^isn  iz  oce  ±:ie  coTenal  by  the  sea,  and 
*'jiJ:  -Jv:  rrjiztr^  airri-fi  down  17  :he  XHe  had  been  discharged 
;--:r^  v.-:  **ii---s.r].-:  -trc^^-rrrr.  T.-r:^:^  and  Memphis  and  the 
Lr-rvrr.t  Otlu,  and  ztlI^oUt  fllai  :i  UD.  Herodocos  could  not 
fvr:::  ar.T  d^fr,:!-  opinion  as  to  the  canse  of  the  Nile  inunda- 
t/>^^.  2u'J::.v-:/r.  zjt  p.Te  a  caref-d  report  of  the  hypotheses  then 


ii-rrAfMiiii  /com  535  B.c>  th'^ozbt  there  was  in  the  nnirerse 
nvt.'.-rig  sta'rne,  nochinz  lasting.  Everything  was  in  a  state  of 
C'Xivtaiit  cf*ang*:,  like  a  stream  in  which  new  waves  endlessly 
iru;;plant  the  old.  For  him  fire  was  the  primeval  force,  which 
ufj'^ra^ingly  transformed  itself,  pervaded  every  portion  of  the 
ufjiv<rrv:,  produced  indi^-iduals,  and  again  destroyed  them, 
i  IT*:  l>*:canie  the  ocean,  and  that  again  earth,  and  the  breath 
'A  Vif*:.  The  rising  vapours  burned  in  the  air  and  formed  the 
iu«,  which  was  renewed  from  day  to  day.  Thus  Heraclitos 
ta«jgra  that  although  the  universe  always  had  been  and  always 
would  b*-,  no  [xjrtion  of  it  had  ever  been  quiescent,  and  that 
ffofi*  tiriie  to  lime  a  new  world  was  constructed  out  of  the 
old. 

i'ythagoras,  who  was  born  at  Samos  about  the  year  582  RC, 
and  afterwards  went  to  Crotona  in  Italy,  is  one  of  those 
t:iu\n*:ni  U:aders  of  thought  around  whose  name  and  teaching 
tunt  h  that  is  mythical  has  gathered.  The  exponents  of  his 
teaching  in  subse^juent  ages  too  often  attributed  to  the  early 
i'ythaji^oreans  conceptions  which  were  in  reality  foreign  to  the 
doctrines  of  the  great  master  himself,  and  it  is  extremely 
difficult  to  disentangle  the  threads  of  original  thought  from  the 
r  orifused  web  of  tradition.  It  is  clear  that  the  Pythagoreans 
indulged  more  in  abstract  speculation  than  their  predecessors, 
and  gave  less  attention  to  observation  of  nature.  They  sought 
lo  rxplain  natural  phenomena  chiefly  by  analogy  with  definite 
nurnrrical  relationships.  An  ordered  universe  depended, 
jirrording  to  the  Pythagoreans,  upon  the  principle  of  numbers. 
( !onHerjuently  the  properties  of  numbers,  individually  con- 
hidmtd,  in  ser|uence,  and  in  combination,  were  investigated 
with  a  z<'al  which  enabled  the  school  to  lay  the  foundation  of 
iinporlant  mathematical  advances.  In  applying  the  principle 
of  ninnbrrs  lo  musical  sound,  Pythagoras  is  reputed  to  have 
jirrivrd  al  a  Iruo  conce[)tion  of  musical  intervals  and  to  have 
THlablishrd  the  theory  of  the  octave.  On  the  other  hand,  the 
Pythagoreans  were  less  happy  in  their  application  of  the  limita- 
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tion  of  numbers  to  the  physical  problems  of  the  universe,  and 
lost  themselves  in  forced  analogies  and  conjecture  regarding 
the  "harmony  of  the  spheres."  According  to  Diogenes 
Laertius,  Pythagoras  imagined  the  universe  in  the  form  of  a 
sphere.  The  earth  was  in  the  centre,  and  bore  the  axis  around 
which  the  firmament  revolved.  The  moon,  the  sun,  Mercury, 
Venus,  Mars,  Jupiter,  and  Saturn  described  circular  paths 
round  the  earth,  and  the  harmonic  motion  of  these  bodies 
called  forth  the  music  of  the  spheres.  The  Pythagorean 
Philolaus  improved  on  this  conception.  He  described  the 
universe  as  a  system  comprising  ten  heavenly  bodies — the  five 
planets^  the  sun,  the  moon,  the  earth,  and  a  counter-earth 
which  moved  from  west  to  east  round  a  "  central-fire."  The 
earth  turned  one  half  towards  the  central-fire,  whilst  the  other, 
or  inhabited  half,  received  light  and  heat  from  the  sun. 
Entirely  beyond  the  circles  of  this  system  lay  the  fixed  stars 
and  the  illimitable  ether  from  which  the  universe  drew  its 
breath. 

The  principle  of  constant  change  taught  by  Pythagoras  and 
Heraclitus  is  also  a  leading  feature  in  the  doctrines  of 
Empedocles  of  Agrigentum  (492-432  B.C.).  Empedoclcs  sup- 
posed that  everything  had  its  origin  in,  and  took  its  components 
from,  four  elements  (earth,  water,  air,  and  fire) ;  that  these 
elements  were  without  beginning  and  imperishable,  but  subject 
to  never-ending  change.  From  these  elements  the  world  at 
one  time  took  shape,  and  it  must  at  some  future  time  be  again 
dispersed.  The  course  of  the  world's  existence  resolved  itself 
into  a  history  of  recurring  periods  and  phases.  As  Empedocles 
did  not  concern  himself  about  an  empirical  basis  for  most  of 
his  theories,  it  is  of  little  avail  to  enter  into  his  physical  and 
biological  speculations.  Geology,  however,  owes  one  distinct 
step  in  advance  to  this  philosopher.  Whereas  the  Pythagoreans 
had  conjectured  the  presence  of  a  central  fire  in  the  universe, 
Empedocles  taught  that  the  earth's  centre  was  composed  of 
molten  material.  Empedocles  formed  this  opinion  on  the  basis 
of  his  actual  observation  of  the  volcanic  activities  of  Mount 
Etna.  Tradition  says  that  he  met  his  death  by  falling  into  the 
crater  of  that  volcano. 

Leucippus  and  Democritus  of  Abdera  {circa  490  b.c.)  were 
the  founders  of  the  school  of  atomic  philosophy,  which  of  all 
the  Greek  systems  approaches  most  nearly  to  the  opinions  of 
the  present  day.     According  to  Democritus,  the  only  realities 
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before  his  time,  and  since  its  destruction  by  earthquakes  and 
inundations  navigation  in  the  Atlantic  had  been  impossible 
:>wing  to  the  fine  mud  and  detritus  left  by  the  vanished  land. 

The  work  of  Aristotle  (384-322  B  c.)  marks  the  culminating 
point  reached  by  the  Greeks,  both  in  the  domain  of  speculative 
philosophy  and  in  that  of  empirical  observation.  Although 
the  physical  and  geological  researches  of  the  great  Stagirite 
embrace  less  of  original  discovery  than  his  researches  in 
zoology  and  physiology,  they  group  and  define  more  precisely 
the  best  results  of  the  Eleatic,  Pythagorean,  and  Atomic 
philosophers,  re-animate  them  with  new  thoughts,  and  fre- 
quently place  them  on  a  true  scientific  basis.  Aristotle  departs 
from  the  atomic  philosophers  in  assuming  that  matter  is  diverse 
in  quality,  and  that  the  universe  is  divided  into  an  earthly  and 
a  heavenly  half;  the  imperishable  ether  belongs  to  the  heavenly 
half,  while  the  four  elements,  earth,  water,  air,  and  fire,  com- 
pose the  earth  and  the  planets.  The  earth  forms,  in  Aristotle's 
conception,  the  stationary  centre  of  the  universe  round  which 
the  planets  move  to  the  left ;  beyond  their  orbits  is  the  great 
ethereal  circle  of  the  heavens  in  which  the  stars  move  towards 
the  right.  The  development  of  the  earth  is  comparable  with 
that  of  an  organism ;  it  has  periods  of  growth,  maturity,  and 
decay.  During  recurring  periods  of  rejuvenescence  the  lower 
animals  take  origin  in  the  mud  of  the  earth,  and  from  them 
develop,  by  sexual  generation,  the  higher  groups  of  animals. 
The  plants  are  related  to  animals,  and  the  different  kinds  of 
animals  to  one  another  by  numerous  transitional  forms.  Aris- 
totle's works  seldom  treat  special  geological  questions,  and  his 
meteorology,  although  it  discusses  earthquakes,  the  alternation 
of  continent  and  ocean,  the  Deucalion  flood  and  inundations 
of  the  Nile,  does  not  contribute  much  that  is  new. 

Theophrastus  of  Lesbos  (368-284  B.C.),  the  most  famous 
pupil  of  Aristotle,  devoted  himself  chiefly  to  scientific  studies. 
In  addition  to  his  valuable  botanical  treatises,  he  gave  much 
information  about  minerals  and  fossils  in  a  fragmentary  treatise 
"  On  Stones."  A  special  work  on  fossils,  with  which  Pliny 
was  apparently  acquainted,  has  since  been  lost. 

The  Encyclopnedists  of  the  Alexandrine  school  occupied 
themselves  chiefly  with  astronomy,  mathematics,  and  geo- 
graphy. Eratosthenes  (276-196  B.C.)  by  his  measurement  of 
the  degree  in  Egypt  for  the  first  time  laid  the  foundation 
of  a    more  exact  estimate  of  the  size   of  our   planet.      He 
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also  gave  expression  to  various  hypotheses  regarding  the 
relationship  of  mountain-chains,  the  action  of  water,  and  the 
presence  of  the  ocean  above  the  continent,  as  indicated 
by  the  occurrence  of  oysters  and  other  marine  organisms 
in  the  Libyan  deserts  on  the  way  to  the  oasis  of  Ammon. 
Eratosthenes  taught  that  the  changes  of  form  accomplished 
by  means  of  water,  by  volcanoes  and  earthquakes,  and  by 
fluctuations  of  the  sea,  are  insignificant  in  proportion  to  the 
size  of  the  whole  earth. 

\  Thus  it  will  be  seen  that  the  majority  of  the  older  Hellenic 
philosophers  gave  their  attention  to  speculative  considerations 
on  the  origin  of  the  universe  and  the  earth ;  but  under 
the  manifold  activities  of  the  Roman  empire,  a  new  and 
more  realistic  spirit  became  infused  into  the  investigations 
of  the  great  thinkers.  Amongst  these  the  first  place  musj 
be  given  to  the  historian  and  traveller  Strabo  (born  r/«w 
63  B.c ),  whose  geography,  comprising  seventeen  volua(es, 
was  written  about  the  beginning  of  the  reign  of  Tibmus. 
Strabo  had  a  thorough  mastery  of  the  Greek  literature,  and  in 
reference  to  the  occurrence  of  the  above-mentioned  fossils  in 
the  Libyan  desert,  he  agreed  with  the  Greek  philosophers  that 
the  sea  had  once  covered  certain  portions  of  the  land,  but  he 
also  pointed  out  that  the  same  district  may  sometimes  rise,  some- 
times sink,  and  fluctuations  of  the  sea-level  are  associated  with 
such  movements  of  land-surfaces.  He  further  taught  that  eleva- 
tions and  subsidences  of  the  land  are  not  confined  to  indi- 
vidual rocks  or  islands,  but  may  affect  whole  continents ;  that 
Sicily,  Procida,  Capri,  I^ucosia,  the  Sirenian  and  (Enotrian 
islands  had  been  separated  from  Italy  by  earthquakes,  and 
that  probably  all  islands  off  the  shores  of  continents  had  origin- 
ally formed  part  of  the  mainland.  The  oceanic  islands  far  from 
any  mainland  have,  according  to  Strabo,  been  thrown  up  by 
subterranean  fires.  In  support  of  this  view  Strabo  cited  the 
case  of  a  volcanic  eruption  in  the  year  196  B.C.  between 
Thera  and  Therasia.  For  four  days  flames  rose  from  the  ocean, 
and  as  these  died  down  it  was  observed  that  a  new  island 
had  been  formed,  measuring  twelve  stadia  in  circumference. 
Again,  near  Methone  in  the  Herniionian  Sea,  a  mountain, 
seven  stadia  high,  had  been  thrown  up  during  outbursts  of 
sulphurous  vapours  and  fire;  and  the  town  of  Spina,  near 
Ravenna,  formerly  a  seaport,  was  now  nijiety  stadia  inland. 
Strabo  H  therefore  rightly  regarded  as  the  father  of  modern 
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theories  of  mountain-making,  and  we  owe  to  him,  moreover, 
the  hypothesis  that  volcanic  outbursts  act  as  safety-valves  for 
the  pent-up  activities  of  subterranean  vapours.  He  pointed  out, 
that  Sicily  in  his  time  was  less  frequently  disturbed  by  earth- 
quakes than  it  had  been  in  previous  ages  before  volcanic 
discharges  were  known  in  the  district,  and  he  correlated  the 
comparative  tranquillity  of  the  ground  with  the  means  of 
escape  afforded  for  explosive  underground  vapours  by  the 
volcanic  vents  that  had  opened  at  Etna,  in  the  Lipari  Isles,  and 
in  Ischia.  It  speaks  highly  for  Strabo's  powers  of  observation 
that  he  should  have  recognised  in  Vesuvius  a  volcanic  moun- 
tain although  it  was  then  quiescent. 

Probably  the  most  acute  scientific  obsen-er  of  Roman  times 
Bras  Seneca,  the  physician  of  the  Emperor  Nero  (born  2  or  4 
B.C,  died  65  A.D.).  Quite  recently,  Nehring  has  placed 
the  importance  of  the  work  of  Seneca  in  its  true  light.  The 
Quastiones  Naturales  contain  detailed  communications  about 
earthquakes,  volcanoes,  and  the  constructive  and  destructive 
igencies  of  water.  Seneca  explains  earthquakes  partly  as  a 
result  of  the  expansion  of  gases  accumulated  in  the  earth, 
partly  by  the  collapse  of  subterranean  cavities.  He  regards 
volcanic  eruptions  simply  as  an  intensified  form  of  the  same 
series  of  phenomena,  and  volcanoes  themselves  as  canals  or 
fc'ents  between  local  sub-terrestrial  reservoirs  of  molten  material 
md  the  earth's  surface.  He  names  the  chief  volcanoes, 
placing  Etna  in  the  first  rank ;  then  Stromboli,  Therasia,  and 
rhera  (the  present  "  Santorin "),  but  there  is  no  mention  of 
Vesuvius.  He  regards  the  earth  as  primitively  a  watery  chaos, 
md  it  is  more  especially  in  his  treatment  of  the  action  of  water 
in  dissolving  and  carrying  away  rock-material,  together  with 
his  explanation  of  the  origin  of  sediments  and  deltas,  that 
Seneca  has  shown  his  remarkable  insight  and  sound  judg- 
ment 

The  learned  historian,  Pliny  the  Elder  (23-79  a.d.),  lias 
handed  down  to  us  a  compendium  that  embraces  the  whole 
scientific  knowledge  of  antiquity.  His  Hisioria  Naturalise  in 
thirty-seven  books,  embraces  the  natural  history  of  animals, 
plants,  and  stones,  the  history  of  the  heavens  and  the  earth, 
of  medicine,  of  commerce,  of  navigation,  etc.;  in  Lib.  H., 
c  88  and  89,  all  the  islands  that  have  been  thrown  up  in  the 
ocean  are  enumerated — Delos,  Rhodes,  Annphe,  Nea,  Alone, 
Thera,   Therasia,   Hiera,  Automate,   and  Thia.     The  reports 
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about  volcanoes,  earthquakes,  and  fossils,  occurring  here  and 
there  in  this  work,  are  not  always  trustworthy.  They  seem, 
in  most  cases,  to  have  been  based  on  indirect  informa- 
tion. By  a  tragic  decree  of  fate,  the  untiring  student  and 
naturalist  met  his  death  while  engaged  in  observing  the 
grandest  geological  event  of  antiquity,  the  first  outbreak  of 
Vesuvius  in  the  year  79  a.d.  Pliny  the  Younger  describes  the 
death  of  his  uncle  in  two  letters  to  Tacitus,  recounting  how 
at  the  beginning  of  the  eruption  the  elder  Pliny  was  stationed 
at  Misenum  as  Commander  of  the  Fleet,  but  went  at  once  to 
Stabia  to  bring  help  to  the  sufferers  and  to  witness  the  great 
drama  of  nature.  He  died  in  the  open  field,  probably  suffo- 
cated by  the  volcanic  vapour  and  ash.  His  corpse  was  found 
unharmed  three  days  later,  when  the  darkened  sky  gradually 
became  clear.  The  younger  Pliny's  vivid  description  of  the 
eruption  of  Mount  Vesuvius,  and  the  accompanying  earth- 
quake, is  one  of  the  most  remarkable  literary  productions  in 
the  domain  of  geology.  It  is  certainly  curious  that  he  should 
have  omitted  to  mention  the  earth-tremors  at  Herculaneum, 
Pompeii,  and  Stabia,  confirmation  of  which  has  however  been 
given  by  Dio  Cassius. 

A  poetic  account  of  an  eruption  of  Mount  Etna  is  happily 
amongst  the  fragments  that  have  been  preserved  from  the 
works  of  Lucilius,  the  poet  in  the  second  century  a.d.  Alto- 
gether this  volcano  played  a  very  important  rdU  in  the  litera- 
ture of  the  ancient  writers.  Nor  were  the  Romans  devoid 
of  interest  in  fossils :  Suetonius  relates  that  the  Emperor 
Augustus  decorated  his  villa  in  Capri  with  huge  fossil  bones, 
which  at  that  time  were  held  to  be  the  remains  of  a  giant 
race. 

If  we  pass  in  review  what  antiquity  has  bequeathed  to  ns  of 
actual  geological  knowledge,  we  find  our  heritage  surprisingly 
meagre.  The  tendency  of  eastern  races  towards  the  fanciful, 
and  of  the  Greeks  to  philosophical  speculations,  brought  forth 
an  abundance  of  hypotheses  about  the  origin  of  the  universe 
and  the  development  of  the  earth;  and  even  although  some  of 
these  may  in  part  coincide  with  accepted  scientific  conceptions 
of  the  present  day,  it  has  to  be  remembered  that  in  these 
cases  the  early  hypotheses  were  rather  happy  **  guesses  at 
truth,'*  than  general  theories  founded  inductively  upon  a  series 
of  accurately  observed  data. 

Far  more  valuable  than  the  most  ingenious  speculations  are 
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x:asional  remarks  and  observations  about  volcanoes, 
Jakes,  fluctuations  of  level  in  the  land-surfaces,  the 
of  water,  and  other  phenomena  of  dynamic  geology,  as 
;  the  scattered  notes  about  the  occurrence  of  fossils. 
i  Other  hand,  not  a  single  writer  of  th^  ancient  world 
1  any  interest  in  the  firm  earth-crust,  not  one  observer 
.  thought  to  the  composition  of  the  rocks.  Not  the 
icute  thinker  of  those  cultured  peoples  had  even  a 
ry  premonition  of  the  value  that  might  appertain  to 
as  witnesses  of  a  sequence  of  events  in  the  history  of 
th.  None  suggested  that  our  planet  might  have  passed 
h  a  succession  of  changes  before  attaining  to  its  present 
d  condition  and  configuration ;  still  less,  that  particular 

in  the  history  of  change  might  be  deciphered  from  the 
ter  and  superposition  of  the  rocks.  The  evolution  of 
rth  and  its  denizens,  which  is  at  the  present  day  the 
troblem  of  geological  and  biological  research,  played  no 

the  literature  of  antiquity;  fanciful  hypotheses  and  dis- 
:ted  observations  cannot  be  acknowledged  as  scientific 
ings  of  research. 

OND  Period—The  Beginnings  of  PALiEONTOLOGv 

AND  Geology. 

downfall  of  the  Roman  Empire  dealt  a  severe  blow  to 
r  progress  and  healthful  interest  in  natural  phenomena. 
)llapse  of  imperial  power,  the  revolutionary  instincts  and 

the  variable  migration  of  the  races,  the  protracted 
e  between  decaying  heathendom  and  rising  Christianity, 
rsonal  wars  of  jealousy  and  greed  in  which  Europe  was 
d  during  the  greater  part  of  the  Middle  Ages,  all 
led  to  check  any  spontaneous  desire  towards  scientific 
gation. 

irren  scholasticism  took  refuge  in  the  monasteries  and 
r  schools.  The  attitude  of  the  Schoolmen,  while  it 
much  of  logical  distinctions  and  the  critical  interpreta- 
old  doctrines,  was  unfavourable  to  the  direct  observation 
ire.  For  many  centuries  (800-1300  a.d.)  the  Arabs  were 
ly  nation  in  which  the  true  spirit  of  ancient  culture  and 
r  was  kept  alive.  At  great  sacrifice  they  obtained 
jion  of  the  classical  works  of  antiquity,  translated  them 
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into  Arabic ;  and  the  Caliphs,  Al  Mansur,  HarOn-al-Raschid, 
and  Al  Mam  fin,  endeavoured  to  attract  to  their  courts  the  best 
scholars  of  all  countries.  Thus  they  handed  down  to  posterity 
many  of  the  most  valued  treasures  of  ancient  learning,  and 
they  appreciably  contributed  to  the  knowledge  of  mathematics, 
astronomy,  alchemy,  medicine,  and  zoology.  Geology  and 
palaeontology,  however,  the  kindred  studies  of  the  rocks  and 
their  fossil  contents,  were  almost  neglected  by  them. 

It  was  not  until  the  close  of  the  Middle  Ages,  in  the  fifteenth 
century,  that  a  revival  of  learning  spread  through  £urop>e.  The 
discovery  of  the  art  of  printing  brought  books  within  the  reach 
of  many.  The  keen  interest  in  classical  authors  displayed 
by  the  leaders  of  the  Humanist  movement  infused  new  life 
and  activity  into  mental  effort  in  every  branch  of  knowledge. 
Universities,  learned  societies,  and  academies  were  founded* 
The  methods  of  dogmatism  were  cast  aside  with  the  decay  of 
scholasticism.  Copernicus  the  Prussian  (1473-1543)  absorbed 
the  best  learning  that  Italy  could  give  him,  and  rewarded  the 
care  of  his  foster-country  by  unfolding  to  futurity  the  system 
of  the  universe  that  bears  his  name.  The  Reformation  ga\'e 
an  impulse  to  all  men  to  think  for  themselves,  and  no  longer 
to  accept  blindly  the  traditions  of  past  ages.  Columbus, 
Vasco  da  Gama,  and  other  bold  navigators  added  the  Western 
Hemisphere  to  the  former  domain  of  geographical  knowledge. 
And  if  less  imposing,  still  no  less  certain,  was  the  steady 
advance  made  in  natural  science  under  the  influence  of  the 
healthier  tone  that  prevailed.      Men  turned  in  earnest  from 

'  Italy  led  the  way  in  founding  academies  during  the  era  of  the  Renais- 
sance of  literature  and  research.  The  '* Platonic  Academy"  was  the  name 
^Wan  to  a  (;rou|;  of  learned  men  uho  were  under  the  patronage  of  CcMimu 
di  Medici,  in  Florence;  but  this  society  had  no  definite  organisation.  The 
Academy  in  Padua,  founded  in  1520,  must  therefore  Ix:  regarded  as  the 
oldest  scientific  society,  although  it  was  not  long  in  existence.  In  1560 
an  Ac.idemy  of  Natural  Science  was  founded  at  Naples,  and  in  1 590  the 
Academy  dei  Lincei  in  Rome  was  founded  by  the  NIarcese  de  Monticelli. 
It  was  not  until  the  middle  of  the  seventeenth  century  that  the  scientific 
academics  of  France,  Kngland,  and  Germany  came  into  existence;  then 
were  cstab1ishe<l  the  Academic  Fran^aise  in  1633,  the  Royal  Society  of 
I^)ndim  in  1645  (establishe<l  in  1662  with  incor)>orated  rights),  the 
Acatlemic  des  Sciences  in  I'aris  in  l6.)6,  and  the  Akademie  der  Wissen- 
schaflen  in  Perlin  in  1700.  In  1725,  F.m|^re.ss  Catherine  founded  the 
Aca<lemy  in  Si.  Petersburg,  and  in  the  saiue  year  the  Royal  Society  tif 
Sciences  was  fornu'.l  in  l'|isala.  Since  thai  liu»e  scien'ific  s<Kielits  have 
l»een  founded  in  mo!>t  of  the  large  university  towns. 


INTRODUCTION.  1 3 

he  desultory  literary  method  of  treating  nature,  to  the  more 
lirect,  more  exacting  system  of  observation  and  description, 
^lants,  animals,  and  rocks  were  studied  with  enthusiasm,  were 
examined,  described,  figured,  and  classified,  so  that  in  a  rela- 
ively  short  space  of  time  a  fairly  extensive  botanical,  zoological, 
md  mineralogical  literature  sprang  into  existence. 

Various  Opinions  about  Fossils. — The  Greek  and  Roman 
writers  had  correctly  realised  that  fossils  represented  the 
'emains  of  animals  and  plants,  and  most  of  the  ancient  writers 
lad  explained  their  preservation  in  the  rocks  as  the  result  of 
ijeat  natural  catastrophes  which  had  changed  the  localities  of 
and  and  water,  and  brought  the  swarming  denizens  of  the  sea 
nto  the  middle  of  continents,  burying  them  there.  During  the 
nediseval  Scholasticism  no  progress  was  made  in  the  study  of 
bssils.  Avicenna  (980-1037),  the  Arabian  translator  and  com- 
nentator  of  Aristotle,  became  imbued  with  Aristotle's  theory  of 
he  self-generation  of  living  organisms,  and  tried  to  extend  it  to 
he  case  of  fossils.  Avicenna  suggested  that  fossils  had  been 
)rought  forth  in  the  bowels  of  the  earth  by  virtue  of  that 
reative  force  {vis  p/asiica)  of  nature  which  had  continually 
triven  to  produce  the  organic  out  of  the  inorganic,  and  that 
ossils  were  unsuccessful  attempts  of  nature,  the  form  having 
)een  produced  but  no  animal  life  bestowed. 

The  famous  Albertus  Magnus  ^  takes  the  same  standpoint 
nore  than  two  hundred  years  later.  He  assumes  a  virtus 
hrmativa  in  the  earth  as  the  origin  of  fossils,  although  he 
illows  that  the  remains  of  plants  and  animals  may  be  turned  to 
itone  in  places  where  agencies  of  petrefaction  are  at  work. 

With  the  dawn  of  the  fifteenth  century  began  that  long  series 
)f  disputes  about  fossils  which  lasted  more  than  three  centuries. 
The  questions  under  discussion  were,  whether  fossil  organisms 
lad  taken  origin  from  a  vis  plastica^  or  from  living  seeds  carried 
n  vapours  from  the  sea,  or  from  any  living  force  in  the  earth 
tself;  whether  they  might  be  regarded  merely  as  illusory  sports 

*  Albert  von  BoUstxdt,  called  Albertus  Magnus,  was  born  at  Laningen 
n  Swabia  in  1193;  studied  at  Padua  and  Bologna,  look  Dominican  orders 
n  1222,  lectured  for  several  years  in  the  cloister  schools  of  Cologne, 
lildesheim,  Freiburg,  and  Regcnsburg,  and  taught  in  Paris  between  the 
ears  1245-48.  lie  returned  then  to  preside  over  the  High  School  at 
Cologne,  and  was  made  Bishop  of  Regcnslnirg  in  1260.  This  post  he 
esigned  after  two  years,  and  devoted  himself,  at  Cologne,  to  his  works  on 
>hiloisophical  and  theological  themes  until  his  death  in  1280. 
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of  nature,  or  as  mineral  forms,  or  if  they  really  were  the 
remains  of  animals  and  plants  that  had  once  lived,  and  had 
been  brought  by  the  Flood  or  some  other  catastrophe  into  their 
present  position. 

The  world-famed  artist  and  architect,  Leonardo  da  Vinci 
(1452-15 19),  took  part  in  the  discussion.  He  had  in  his  youth 
been  engaged  as  an  engineer  in  the  construction  of  canals  in 
North  Italy,  and  had  then  seen  numerous  fossils  in  position 
in  the  rocks.  The  opinions  he  formed  regarding  them  are 
remarkable  for  their  clearness  and  correctness.  Leonardo  said 
that  the  marine  organisms  scattered  in  the  earth  in  the  form  of 
fossils  had  actually  lived  where  we  now  find  them.  The  sea  at 
that  time  covered  the  mountains  of  North  Italy:  the  river-mud 
brought  to  the  sea  from  Alpine  lands  filled  the  shells  of  dead 
mussels  or  snails,  and  accumulated  on  the  sea-floor;  afterwards 
the  mud  deposits  became  dry  land,  and  the  fossils  found  in 
them  were  the  casts  of  the  ancient  cells.  He  ridiculed,  as 
absurd  and  unscientific,  the  idea  that  such  perfect  models  of 
living  organisms  could  have  taken  origin  in  the  rocks  under 
hypothetical  creative  influences  of  the  stars. 

The  Neapolitan,  Alessandro  degli  Alessandri  (i 461 -1523), 
mentions  petrified  conchylia  in  the  Calabrian  mountains,  and 
ascribes  their  presence  to  an  inundation  of  the  continent  by 
the  ocean,  caused  by  some  exceptional  catastrophe,  or  by  a 
change  in  the  axis  of  rotation  of  the  earth. 

Fracastoro,^  in  the  year  15 17,  gave  clear  expression  to  his 
convictions  about  fossils,  which  were  in  accordance  with  those 
of  Leonardo  da  Vinci.  During  the  building  of  the  citadel  of 
San  Felice  in  Verona,  the  workers  found  fossil  mussels  in  the 
rocks  and  laid  them  before  Fracastoro,  begging  him  to  explain 
the  marvel.  Fracastoro  repudiated  the  doctrine  of  a  visplastica 
in  the  earth  as  impossible;  and  just  as  little  did  he  give 
credence  to  the  view  that  explained  fossils  as  creatures  left  by 
the  great  Flood.  The  Flood,  he  said,  was  of  short  duration, 
and  in  the  nature  of  things  it  would  have  left  not  marine  but 
fresh-water  mussels  behind;  further,  on  the  assumption  that 
the  mussels  had  been  carried  from  the  ocean  to  the  land  by  the 
Flood,    their  remains   would   have   been   scattered  over  the 

'  Hicronymus  Fracastoro,  born  at  Verona  in  1483,  studied  at  Padua, 
and  became  Professor  of  Philosophy  there  in  1502;  afterwards  practised 
medicine  as  a  physician  in  Verona,  and  in  his  capacity  of  physician  to  Pope 
Paul  III.  was  a  member  of  the  Council  of  Trent.     He  died  in  1553. 
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surface  of  the.  land,  and  would  not  have  been  buried  deep  in 
the  earth  where  the  quarrymen  had  found  them.  There  was 
left,  he  continued,  only  one  possible  explanation — that  the 
fossils  were  the  remains  of  animals  which  had  once  lived  in  the 
localities  where  their  remains  are  now  imbedded. 

Far  more  illustrious  than  the  majority  of  his  contemporaries 
in  science  was  George  Bauer,^  better  known  by  his  nom-de- 
plume  of  Agricola.  Werner  calls  him  the  father  of  metallurgy, 
and  the  originator  of  the  critical  study  of  minerals.  Bauer's  stay 
in  Joachimsthal  enabled  him  to  become  familiar  with  the  mines 
there,  and  to  make  a  collection  of  local  minerals.  The  clever 
physician  soon  received  general  recognition  as  the  best 
authority  on  mining,  and  the  publication  of  his  pamphlet 
"Bermannus"  in  1528  further  confirmed  the  prominent 
position  he  held  among  mineralogists.  His  great  work,  De  re 
meiallica  libri  duodeciniy  contains  a  complete  description  of 
mining  and  metallurgy  as  then  practised,  as  well  as  valuable 
communications  about  the  mode  of  occurrence  of  useful 
minerals,  and  about  veins  and  deposits  of  ore.  Two  later 
works,  De  naiura  fossilium^  Lib.  x.,  and  De  veieribus  et  novis 
meiailisy  Lib.  ii.,  describe  all  the  minerals  known  to  the  ancients, 
and  all  those  which  had  since  been  discovered.  Agricola's 
observations  on  crystalline  form,  cleavage,  hardness,  weight, 
colour,  lustre,  etc.,  have  served  as  a  model  for  all  subsequent 
descriptions  of  minerals.  On  the  other  hand,  Agricola's 
remarks  about  fossils  are  of  much  less  value.  He  had  devoted 
Httle  attention  to  the  fossil  remains  of  animals  and  plants,  and 
he  unfortunately  united  under  the  name  *'  Fossilia "  both 
minerals  and  petrified  organisms.  This  use  of  the  term 
"  Fossils  "  was  perpetuated  for  t^o  centuries  in  the  literature, 
having  been  more  especially  adopted  by  the  famous  Wernerian 
School.  Agricola  referred  by  far  the  greater  part  of  the  organic 
remains  found  in  the  solid  rock  to  a  wholly  inorganic  origin; 
he  regarded  fossil  mussels,  belemnites,  "Ammon's  Horns," 
"  Glossopetra  "  (fish  teeth),  and  other  problematical  remains  as 

*  Georg  Bauer  (Agricola)  was  born  at  Glauchau  in  Saxony  in  1494.  He 
went  to  Italy,  where  he  graduated  as  doctor,  and  then  settled  in  Joachims- 
thal as  a  physician;  afterwards  he  was  appointed  professor  of  chemistry  at 
Chemnitz,  and  died  there  1555.  A  complete  edition  of  his  works  was 
published  in  the  Latin  tongue  in  Bale.  A  German  translation  of  the 
mineralogical  writings  was  published  at  Freiburg  in  18 16  by  Ernst 
Lehmann. 


/ 
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*'  solidified  accumulations  from  water,"  analogous  with  marble 
and  limestone.  Yet  in  the  case  of  fossil  leaves,  wood,  bones, 
and  fish,  Agricola  allowed  an  organic  origin,  and  thought  the 
various  objects  had  become  petrified  by  the  action  of  a  certain 
Suca4s  lapidescens  everywhere  present  in  water. 

Conrad  Gesner,  the  famous  Zurich  scholar,  also  formed  no 
very  definite  opinion  about  fossils.  To  him  we  owe  the  first 
illustrated  work  on  fossils,  De  rerum  fossiiium^  lapidum  et 
j^emtnarufn  figuris^  which  appeared  at  Zurich  in  1565,  the 
year  of  Gesner's  death.  He  discusses  the  fossils  along  with 
other  products  of  the  soil  (minerals,  ores,  prehistoric  stone 
implements,  stalactites,  etc),  and  compares  some  with  the  sun, 
moon,  and  stars,  others  with  plants  and  animals,  without 
entering  further  into  their  origin. 

The  zealous  collector,  Johann  Kentmann,  in  Torgau,  and 
the  Wiirtemberg  physician,  Johannes  Bauhin,  made  no  further 
inquiry  into  the  nature  of  fossils,  but  Bauhin  described,  and 
gave  figures  of  a  large  number  of  ammonites,  belemnites, 
mussels  and  brachiopods  from  the  Posidonomya  shales  and 
Middle  Lias  strata  in  the  neighbourhood  of  Boll. 

In  Italy,  Andrea  Mattioli,  the  botanist,  described  the 
fossil  fishes  of  Monte  Bolca  for  the  first  time  in  1548,  and 
followed  Agricola  in  supposing  that  porous  shells,  bones,  and 
other  remains  had  been  converted  into  stone  by  a  Succm  lapi- 
deus.  Nearly  ten  years  later,  the  anatomist  Fallopio,  in  Padua, 
even  went  so  far  as  to  call  the  fossil  teeth  of  elephants  from 
Puglia  earthy  concretions,  and  fossil  shells  from  Volterrano 
the  results  of  fermentation  and  exhalations  from  the  earth, 
while  he  explained  the  pots  of  Monte  Testaccio  in  Rome  as 
natural  impressions  in  the  earth  !  Olivi  of  Cremona,  in  1584, 
writes  of  the  fossil  conchylia  of  the  famous  Calceolarian  col- 
lection in  Verona  as  mere  sports  of  nature.  Michele  Mercati 
pre[)ared  good  illustrations  of  fossil  bivalves,  ammonites, 
and  nummulites  in  the  museum  of  Pope  Sixtus  V.,  and  these 
were  published  between  17 17  and  17 19  in  the  Metalioiheca 
Vaticatta,  by  Lancisi,  the  physician  of  Pope  Clement  XI. 
Mercati  names  the  fossils  according  to  Pliny,  and  after  long 
discussion  comes  to  the  conclusion  that  they  took  origin  under 
the  influence  of  the  stars. 

It  is  astonishing  to  find  how  tenaciously,  until  the  middle  of 
the  eighteenth  century,  so  many  authors  clung  to  such  absurd 
ideas,  even  although  the  fossils  were  being  made  known  by 
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neans  of  good  illustrations  to  an*  ever-increasing  number  of 
Dbservers.  The  works  of  Aldrovandi,  Athanasius  Kircher  the 
[esuit,  Sebastian  Kirchmaier,  Alberti,  Balbini,  Geyer,  Hartley, 
md  many  others  in  the  seventeenth  century  contain  some  very 
jood  figures,  and  extended  the  knowledge  of  the  fossils 
lound  in  various  European  localities.  The  fossils  were, 
bowever,  treated  usually  as  mineral  curiosities,  or  as  illusions 
3f  nature,  sometimes  as  forms  called  forth  in  the  earth  by 
w>  plastica  or  some  other  force,  sometimes  compared  with 
living  mussels,  snails,  sea-urchins,  plants,  etc.,  and  named 
iccordingly. 

Probably  the  greatest  representatives  of  this  literature  are 
he  Englishmen  Lister  and  Lhuyd  (Luidius)  and  the  Swiss 
Vikolaus  Lang.  Martin  Lister^  had  an  excellent  knowledge 
)f  living  conchylia.  He  had  also  observed  that  certain  rocks 
ire  present  over  a  definite  extent  of  surface,  so  that  maps  might 
)e  constructed  with  respect  to  the  distribution  of  different 
:inds  of  rock,  and  further,  that  the  fossil  bivalves  and  snails 
liffered  in  the  different  kinds  of  rock.  He  therefore  laid 
!own  the  important  principle  that  the  different  rocks  might 
)e  distinguished  according  to  their  particular  fossil  contents, 
ilthough,  strange  to  say,  he  thought  the  rocks  themselves  had 
he  power  to  produce  the  different  forms  of  fossils.  Lister 
varmly  combated  the  idea  that  the  fossils  could  have  proceeded 
rom  animals  {Philos.  Trans.  Roy.  Soc.  London,  1671).  Never- 
heless,  he  illustrated  living  and  fossil  conchylia  side  by  side 
vith  one  another,  in  order  to  demonstrate  their  rcsemhlance, 
it  the  same  time  writing  in  the  text,  that  the  fossil  conchylia 
vere  mere  rough  imitations  of  the  real  forms — imitations 
)roduced  in  the  rocks  by  some  unknown  causes. 

The  English  antiquary,  Edward  Lhuyd  (Luidius),  described 
L  thousand  species  of  British  fossils  in  a  long  and  beautifully 
llustrated  work.  Lhuyd's  theory  of  "  Aura  seminalis  "  strongly 
ecalls  the  fanciful  doctrines  of  Anaximander  and  Theophrastus. 
n  a  letter,  *'De  fossilium  et  foliorum  mineralium  origine,"  to  the 
amous  zoologist  John  Ray,  Lhuyd  sets  forth  how  the  fossils 
lave  developed  from  moist  seed-bearing  vapours  which  have 
isen  from  the  seas  and  entered  into  the  strata  of  the  earth. 

'  Lister  was  born  at  RadclifT  in  1638,  studied  in  Cambridge,  and  was 
iij;hly  respected  in  York  and  London  as  a  medical  man.  In  169S  he 
ccomj>anitd  the  Knglish  ambassador,  Lord  Portland,  to  Paris,  in  1709 
lecame  house  iihysician  to  Queen  Anne,  and  died  171 1. 
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Lhuyd  found  :iii  entimiicisiic  supporter  in  the  Lucerne 
physician  and  councillor,  K.irl  Nikoiaus  Lang,  whose  His f aria 
i '.  tpid'u  m  :i-^i  r- 1 :oru  m  Heirjiuc  '  \'  - n  i ce,  1 708 )  contai ns  163 
plat  js,  witii  a  :i umber  of  -I'^od  n^iurtis  of  fossils.  Lang  is  one 
of  ::ie  last  auti^ors  \s\\o  believed  in  the  direct  origin  of  the 
fossils  in  t:ie  rocks. 

.V  sem; -tragic,  semi  comic  event  brought  this  literature  to  a 
close.  Joiiannes  Bartholomew  Be  ringer,  a  professor  in  the 
L':iiversit>'  of  Wiirzburi;,  publisiied  in  1726  a  palneoDtological 
work  en c: tied  L:t.'Wi:r..if*,'iia  IVurccJur^^nsis.  In  it  a  number 
«}f  trje  fossils  were  ii  lustra  ted,  be  ion  gin  y:  to  the  Muschelkalk  or 
Middle  rr:as  -M  Nor'.-i  Bavarin,  and  beside  these  were  more  or 
It.ss  r.-mari^able  f«;rms.  even  sun,  mi.M;n.  stars,  and  Hebraic 
I'-tters,  siiid  :o  be  fi:ssi:s.  and  described  and  illustrated  as  such 
by  the  piofcssor.  As  a  matter  of  fact,  his  students,  who  no 
lijni^or  bL-iieved  in  the  Gr':fik  mvth  :(  self-generation  in  the 
rocks,  had  placed  art: nciaily  concocted  forms  in  the  earth,  and 
during  exrursions  had  inveigled  the  credulous  professor  to 
thosv.'  particular  s::cti  and  d:scovered  them  !  But  when  at 
List  Bcrin:i'.-r*s  own  r.j^vi^':  was  f-^cnd  apr:arentlv  in  fossil  form 
in  the  rock-,  th.e  mystery  was  rv.VLaled  to  the  unfortunate 
Tr«n"r.ssor.  Hj  tri'^d  to  buv  '.::>  and  destroy  his  published 
w.:Tk  :  but  in  17'.  7  a  r.-jw  editi-rn  oi  the  work  was  published, 
and  the  book  is  preserved  as  1  scic:' title  curiosity.  Many 
of  the  false  fossils  (Lu.:':n5tcine)  mav  Ih?  seen  in  the 
rrii-'.eral  collirctions  at  Bam  ben:,  and  thf-re  are  also  speci- 
mens in  the  university  colIec:i«''ns  «^f  Wurzburg,  Munich, 
and  other  places. 

Contemporaneously  with  th-s«.'  mistaken  otTorts  in  the 
sixteenth,  seventeenth,  and  early  par:  of  the  eighteenth 
rc-ntury,  a  truer  appreciation  of  foss's  was  g.iiiiing  ground. 

[n  the  year  15S0.  the  fanuus  I  ronch  worker  in  enamel, 
IJ  rnard  Palissy,  published  a  book  in  which  he  discussed  the 
or;-;:n  of  petrified  wood,  the  occurrence  of  fossil  tishes  in 
M.i!isfield  slate,  and  fossil  nv^lluscs  in  various  rocks. 
Talis^iy  ri;rhtly  pointed  out  that  many  of  the  fossil  conchylia 
vifixr.  id' .nti^al  with  living  species,  and  said  they  must  have 
d'V  lofKid  in  loralitirrs  which  had  previously  been  under  fresh 
or  <;':a  w;it'.r.  iVilissys  ideas  were  violently  attacked  by  his 
f  orMp.ttriots,  and  l.e  was  denounced  as  a  heretic  in  his 
[ifii)oc;o|ri)if <'il  and  srit.-ntific  writings,  ju<t  as  he  was  a 
nii:Mi'  not  and  a  h«  ntic  in  his  religion. 
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Fabio  Colonna  ^  upheld  similar  views  in  Italy.  He  tried  to 
show  that  the  "  Glossopetren  "  were  not  tongues  of  serpents  but 
the  teeth  of  dog-fish,  which  occurred  along  with  remains 
of  marine  bivalves  and  snails  in  certain  strata;  while  in 
others  he  recognised  the  remains  of  terrestrial  animals  and 
plants. 

During  the  seventeenth  century  Nikolaus  Steno  and  other 
Continental  geologists  contested  the  erroneous  and  ludicrous 
ideas  of  their  contemporaries ;  while  in  England,  Robert 
Hooke,  John  Ray,  and  John  Woodward  guided  scientific 
thought  to  the  true  explanation  of  fossil  remains.  Leibnitz, 
the  founder  of  the  Academy  of  Science  in  Berlin,  and 
Scheuchzer,  the  Swiss  geologist,  further  advanced  the  scientific 
research  of  fossils,  so  that,  by  the  middle  of  the  eighteenth 
century,  no  man  of  science  and  letters  believed  that  fossils 
might  be  products  of  the  earth  itself. 

The  English  physicist  and  mathematician,  Robert  Hooke 
(1635-1703),  was  one  of  the  most  brilliant  original  thinkers 
of  his  own  or  any  age.  It  was  he  who  for  the  first  time 
suggested  the  use  that  might  be  made  of  fossils,  in 
revealing  the  historical  past  of  the  earth.  In  an  important 
work  upon  earthquakes  written  in  1688,-  he  stated  that  fossil 
molluscs  deserved  to  be  regarded  as  historical,  since  they 
represented  monuments  no  less  valuable  than  coins  and 
manuscripts,  but  he  added  that  it  certainly  would  be  ex- 
tremely difficult  to  construct  a  chronology  of  the  earth  upon 
the  evidence  of  fossils.  Many  fossil  Ammonites,  Nautilids, 
and  other  conchylia  undoubtedly  differed  from  known  living 
forms,  but  he  said  it  had  to  be  remembered  how  scanty  was 
the  existing  knowledge  of  marine  animals,  especially  of  those 
which  inhabited  the  greater  ocean  depths.  Hooke,  however, 
inclined  to  the  opinion  that  the  fossils  of  unknown  forms 
might  really  be  extinct  species,  annihilated  by  earthquakes. 
He  regarded  it  as  certain  that  a  number  of  fossil  species  had 
been  confined  to  definite  localities.  And  from  the  occurrence 
of  fossil  Chelonias  and  large  Ammonites  in  the  strata  of 
Portland  Isle,  Hooke  concluded  that  the  climate  of  England 
had  once  been  much  warmer.  This  was  explicable,  in 
Hooke's  opinion,  upon  the  assumption  either  that  the  earth's 

*  Ossen^azioni  sugli  aniviali  aquatici  e  (errestfi^  16 16. 

*  Tiii^  treatise  is  published  in  the  Opera  posthtinui  R(beit  Hooke,  cd. 
Rich.  W.iller,  London,  1705. 


-  .  '^- 1 . 


z  ::.:■_ r^::o" 

.  :    ...     I   ., 


•  ■  •  ■   .. 


V  :• 


•  I     •■] 


■     r- 


^  :o 


r-^-"    ~  ::!"■>,•  Ol 

:  ■•:"r-j.l   in- 


V  ;  r*  _ . 


.  —  •  "n 


..^  tak.»ki 


H 


«  ■ 


.  •  - .   .. 


-  •  •.-• 


•  V 


,  -  .  -X 


»' 


M  1 


■   ■  m    \ 


INTRODUCTION.  21 

general  interest  in  fossils.  Numerous  books  and  treatises 
began  to  appear,  sometimes  describing  the  fossils  in  particular 
localities,  sometimes  of  a  more  dilettante  character. 

In  Switzerland,  Johann  Gesner's  work  continued  the  lines  of 
research  initiated  by  Scheuchzer.  Bourguet  in  Neuchatel,  and 
afterwards  Burtin  in  Belgium,  published  handsome  plates  of 
fossil  illustrations,  but  the  descriptions  in  the  text  are  not  of 
much  value.  Johann  Baier,  the  Altdorf  Professor,  published 
in  1 7 12  his  Oryctographica  Norica^  one  of  the  best  works  of 
the  time,  and  in  1757  a  supplement  of  fifteen  folio  plates  was 
added  under  the  direction  of  his  son  Ferdinand. 

France,  until  the  middle  of  the  eighteenth  century,  had 
a  remarkably  poor  palaeontological  literature.  Antoine  de 
Jussieu  in  17 18  described  the  Carboniferous  plants  of  St. 
Chamont,  near  St.  Etienne,  and  said  they  had  been  brought  by 
the  flood  from  India  and  the  New  World  to  Europe.  In  a 
second  treatise,  Jussieu  described  fossil  Ammonites;  he 
certainly  compared  these  with  Nautilius  Pompilius  of  the 
Indian  Seas,  but  he  explained  them  as  having  been  brought 
from  the  Oasis  of  Ammon  to  France  by  inundations  of  the 
sea.  Bertrand's  Dictionary  of  Fossils  and  other  minor 
works  testify  that  France  was  not  devoid  of  interest  in  fossils, 
although  activity  in  this  field  of  research  was  much  more 
prolific  in  the  neighbouring  countries. 

In  France,  during  the  eighteenth  century,  only  the  writings 
of  Guettard  can  be  placed  in  the  same  rank  with  the 
monographs  of  particular  fossil  groups  prepared  by  Rosinus, 
Wagner,  Erhart,  Breyn,  and  Klein. 

The  outstanding  work  of  this  period  is  undoubtedly  that  of 
Knorr  and  Walch  in  four  volumes,  Die  Sammhing  von 
Merkwiirdigkeiien  der  Natur  und  Alierthumer  des  Erdbodcns. 
The  first  volume  was  written  by  the  Niirnberg  collector  and 
artist,  George  Wolfgang  Knorr  (born  1705,  died  1761),  and 
the  other  three  volumes  were  prepared  after  the  death  of 
Knorr  by  Professor  Walch^  of  Jena. 

The  first  volume  bears  on  its  title-page  an  illustration  of  the 
famous  Solenhofen  quarries,  and  contains  figures  of  fossil  crabs, 
fishes,  crinoids,  together  with  dendrites,  and  *'ruin   marble" 

*  Johann  Ernst  Immanuel  Walch  (1725-78)  was  a  son  of  J.  G. 
Walch,  Professor  of  Philosophy  and  Poetry  in  Jona.  In  1 7 59  Walch 
succeeded  his  father  as  Professor,  but  his  chief  delight  was  in  ^lineralogy 
and  Palaeontology,  and  he  made  a  famous  coUeciion. 
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periods  of  the  earth's  history  by  means  of  an  ordered  array  of 
extinct  fossil  forms. 

Hypotheses  of  the  EartJCs  Origin  and  IJisiory,  and 
Beginnings  of  Geological  Observation. — The  keen  interest  in 
minerals  and  fossils  and  the  flourishing  condition  of  the 
mining  industry  gradually  attracted  the  attention  of  scientific 
men  to  the  investigation  of  the  earth  itself.  Two  methods 
of  research,  the  empirical  and  the  speculative,  developed 
alongside  one  another.  The  one  had  for  its  immediate  aim 
the  determination  of  facts,  and  in  its  further  outlook,  the 
possible  construction  of  some  suitable  theory;  the  other 
contented  itself  with  a  minimum  of  observation,  accepted  the 
risks  of  error,  and  set  about  explaining  the  past  and  the 
present  from  the  subjective  standpoint.  This  latter  method 
naturally  attained  no  higher  results  than  the  geogenetic 
fantasies  of  classical  antiquity.  And  it  certainly  could  never 
have  gathered  sufficient  energy  to  roll  aside  the  mass  of 
philosophical  and  doctrinal  tradition  that  blocked  the  path  of 
progress. 

Throughout  the  later  and  Middle  Ages,  water  and  fire  still 
continued  to  be  accepted  as  the  two  essential  active  and 
formative  forces  dominating  the  earth's  configuration,  hence 
it  was  unavoidable  that  the  conceptions  of  the  ancient  philo- 
sophers should  re-appear  again  and  again  in  the  newer  theories, 
if  in  renovated  form.  Meantime  there  were  in  every  land  of 
Europe  empiricists  who  were  patiently  contributing  new  data 
to  the  knowledge  of  chemistry,  of  physics,  and  the  constitu- 
tion of  the  earth's  crust,  and  were  thus  preparing  the  only 
possible  foundation  of  a  science  of  geology. 

Leonardo  da  Vinci  deserves  an  honoured  place  amongst  the 
founders  of  geology,  as  one  of  the  first  who  investigated  the 
earth's  structure  upon  scientific  principles.  Not  only  did 
Da  Vinci  recognise  the  true  origin  of  fossils,  but  his  artistic 
sense  of  form  and  his  close  observation  of  nature  revealed  to 
him  in  the  North  Itahan  valleys  the  agency  of  running  water 
in  sculpturing  the  earth's  surface.  He  showed  how  rivers  erode 
their  valleys,  and  deposit  pebbles  on  valley  terraces ;  how  a 
fine  detritus  accumulates  at  river  mouths,  and  plants  and 
animals  are  buried  in  it ;  how  the  organic  remains  then  pass 
through  physical  changes  and  become  petrified  while  the 
river    mud   harder s    into    solid    rock,    and    finally    the    rock 
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in  all  directions  with  the  earth's  surface,  at  which  they  appear 
as  thermal  springs.  Kircher  follows  Aristotle's  view  of  the 
origin  of  springs,  lakes,  and  rivers.  Books  VI.,  VII.,  and 
VIII.  treat  of  the  earth's  composition,  but  offer  no  descrip- 
tion of  the  different  rocks  such  as  one  might  expect;  they 
describe  in  diffuse  style  the  salts  that  occur  in  the  earth,  and 
the  constitution  and  uses  of  sand,  clay,  cultivated  soil,  etc. 
The  consolidation  of  loose  material  into  rock  is  ascribed 
to  a  petrifying  force  {vis  lapidifica)  inherent  in  the  earth, 
while  a  form-giving  force  (Spiriius  architectonicus  or  plasiicus) 
is  said  to  produce  all  kinds  of  shapes  and  figures,  for  example, 
cr)'stals,  precious  stones,  stalactites,  and  fossils. 

Book  X.  is  devoted  to  mines  and  minerals.  Kircher  relates 
that  through  the  medium  of  Jesuit  priests,  he  put  several 
questions  to  the  miners  at  Neusohl  in  Hungary.  Some  of 
these  referred  to  the  conditions  of  temperature  in  the  mines — 
whether  the  heat  increased  as  greater  depths  were  reached 
below  the  surface,  and  if  there  were  any  signs  of  subterranean 
fire.  The  answer  from  Schemnitz  was  that  in  a  well-ventilated 
mine  the  heat  was  scarcely  perceptible,  but  that  with  poor 
ventilation  the  mines  were  always  warm.  Johann  Schapel- 
mann,  an  official  of  the  mines  in  Herrngrund,  reported  as 
follows: — **In  dry  mines  the  temperature  steadily  increases 
in  proportion  to  the  depth  below  the  surface ;  where  water 
lies,  the  heat  is  less ;  it  is  greatest  in  the  parts  of  the  mines 
where  marcasite  occurs."  This  is  the  first  observation  of  the 
steady  increase  of  temperature  with  added  depth. 

In  spite  of  its  many  weaknesses  and  inaccuracies,  Kircher's 
Mundus  subterraneus  must  always  command  a  high  place  in 
the  literature  as  the  first  effort  to  describe  the  earth  from  a 
physical  standpoint  It  was  followed  in  1672  by  the  publi- 
cation of  the  Geographia  generalis  of  Varcnius,  a  work  far 
exceeding  that  of  Kircher  in  critical  insight  and  methodical 
treatment.  It  is  valued  as  the  fundamental  work  v^  the 
domain  of  geophysics. 

Nikolaus  Steno^  was  one  of  the  most  enlightened  geologists  of 

'  Nikolaus  Slcno  was  born  1638  at  Copenhagen,  sUulicd  medicine  and 
malomy  at  Copenhagen  and  Paris,  travelled  in  Holland,  France,  and 
'iermany,  and  settled  in  Padua.  He  was  called  to  Florence  to  be  house- 
[jhysician  lo  the  (irand  Duke  Ferdinand  II.,  and  was  afterwards  the  tul<»r 
:)f  the  s<jns  of  Cosmo.  Sleno  then  accepted  an  invitation  sent  by  Christian 
V,  of  Denmark,  lo  return  lo  Copenhagen  as  Professor  of  Anatomy;  but 
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the  seventeenth  century.  Steno  begins  his  work  on  the  earth's 
crust  by  comparing  fossil  teeth  found  in  the  deposits  of  Tus- 
cany with  the  teeth  of  living  sharks.  He  then  investigates 
the  origin  of  fossiliferous  deposits  and  compares  them  with 
unfossiliferous  rocks.  The  latter,  he  says,  were  formed  before 
life  existed  on  the  earth,  at  a  time  when  the  earth  was 
enveloped  in  a  universal  ocean.  Homogeneous  and  fine- 
grained rocks  represent,  according  to  Steno,  the  primitive 
earth-deposits  which  segregated  universally  from  the  undivided 
ocean.  If,  on  the  other  hand,  a  rock-stratum  be  composed  of 
particles  varying  in  character  and  size,  or  if  it  comprise  large 
fragments  derived  from  other  rocks  or  fossil  remains,  such  a 
layer  represents  a  partial  deposit  of  later  origin. 

Steno  argued  from  the  traces  of  salt  and  the  presence  of 
marine  animals,  and  even  ship  flotsam  in  certain  deposits,  that 
these  had  been  formed  on  the  sea-floor,  whereas  the  presence 
of  a  terrestrial  fauna  and  of  rushes,  grasses,  and  the  stems  of 
trees  in  other  deposits,  indicate  that  those  had  accumulated  in 
fresh-water  basins.  Steno  was  the  first  to  enunciate  definite 
natural  laws  governing  the  formation  of  a  stratigraphical  suc- 
cession in  the  earth's  crust;  these  may  be  condensed  as 
follows  : — (i)  a  definite  layer  of  deposit  can  only  form  upon  a 
solid  basis;  (2)  the  lower  stratum  must  therefore  have  con- 
solidated before  a  fresh  deposit  is  precipitated  upon  it;  (3) 
any  one  stratum  must  either  cover  the  whole  earth,  or  be 
limited  laterally  by  other  solid  deposits ;  (4)  during  the  period 
of  accumulation  of  a  deposit  there  is  above  it  only  the  water 
from  which  it  is  precipitated,  therefore  the  lower  layers  in  a 
series  of  strata  must  be  older  than  the  upper. 

Ihit  Steno  also  realised  that  a  series  of  strata  originally 
horizontal  might  become  relatively  displaced  by  subsequent 
earth -movements.      He  cited  examples  of  local  crust-inthrow^ 

Slcno  had  hecomc  a  Roman  Catholic,  and  his  slay  in  his  native  city  was 
cmhittcrcd  by  the  enmity  caused  on  account  of  his  religion.  He  returned 
to  Florence,  and  was  made  Apostolic  Vicar  of  Lower  Saxony,  dying  in 
Schwerin  on  the  25lh  Noveml)er  1687.  By  command  of  ihe  (jrand 
Duke  Cosmo  III.  his  Iwdy  was  brought  to  Florence  and  buried  in  the 
Cathedral  oi  St.  I^)renzo. 

Steno's  work,  De  solido  intra  solidntn  vaturaliter  contentOy  was  first 
published  in  Florence  (1669),  and  was  intcndetl  merely  as  the  prodrome  of 
a  larger  work,  but  no  later  work  appeared.  /\  second  edition  was  printed 
at  Leyden  in  1679,  but  the  original  text  of  Steno's  little  work  is  now  a 
bibliographical  rarity ;  its  contents  are  known  chielly  through  the  medium 
of  KVic  dc  BcaumonCs  French  translation  published  in  1832. 
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showing  how  individual  strata  might  remain  horizontal,  while 
others  might  be  tilted  or  even  be  thrown  into  a  quite  perpen- 
dicular position,  others  again  might  be  bent  into  the  form  of 
arches.  The  occurrence  of  crust-inthrows,  together  with  the 
effects  of  surface  denudation,  might  give  shape  to  mountains 
and  valleys,  plateaux,  and  low- lying  plains.  Mountains,  he 
said,  might  also  originate  from  upward  action  of  the  volcanic 
forces  in  the  crust.  In  cases  of  active  volcanic  eruption,  ashy 
and  fragmental  rock  materials  were  ejected,  intermixed  with 
sulphurous  vapours  and  mineral  pitch. 

Thus  Steno's  work  already  contained  the  kernel  of  much 
that  has  been  under  constant  discussion  during  the  two  cen- 
turies which  have  passed  since  his  death;  and  if  one  reads 
the  most  recent  text-books  of  geology,  it  will  be  evident  that 
science  has  not  yet  securely  ascertained  the  share  that  is  to 
be  assigned  to  subsidence,  to  upheaval,  to  erosion,  and  to 
volcanic  action  in  the  history  of  the  earth's  surface  conforma- 
tion in  different  regions. 

Descartes  (1596-1650),  in  his  Principia  Philosophicc^  founded 
a  cosmology  upon  his  famous  principle  of  the  constancy  of  the 
amount  of  motion  or  "  momentum "  in  the  universe.  The 
earth,  he  states,  like  all  other  bodies  of  the  universe,  is  com- 
posed of  primitive  particles  of  matter  in  w^hich  a  whirling 
motion  is  inherent,  and  they  have  aggregated  themselves  into 
the  form  of  a  sphere.  During  the  gradual  cooling  of  the  earth 
the  outer  layers  consolidated  as  a  firm  crust,  while  the  nucleus 
still  continued  incandescent.  The  coarser  and  heavier  primi- 
tive particles  of  the  earth,  as  they  rotated,  collected  round  the 
centre,  while  the  finer  and  lighter  particles  gathered  in  the 
outer  regions  and  formed  the  crust,  composed  of  metallic, 
saline,  and  aqueous  parts.  Crust-rupture  has  from  time  to 
time  given  origin  to  continents,  seas,  mountains,  and  valleys ; 
according  to  Descartes,  volcanic  phenomena  and  fissure  in- 
jections are  results  of  the  high  temperature  of  the  earth's 
nterior. 

G.  F.  Leibnitz  (1646-1 7 16),  the  mathematician  and  physicist, 
accepts  in  his  Protogcjca  the  Cartesian  view,  that  primitive 
matter  had  a  fluid  consistency  owing  to  the  tremendous  initial 
heat,  and  that  the  earth's  spherical  form  was  derived  from  the 
aggregation  of  whirling  uliimate  elements  or  *'  monads "  of 
matter.  In  place  of  the  Cartesian  principle  of  momentum, 
Leibnitz  starls  from  a  dynamical  basis,  and  assuiwes  ;x  ^o\c^ 
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which  accomplished  the  separation  of  light  from  darkness,  or, 
as  he  also  expressed  it,  the  separation  of  the  more  active 
elements  of  the  universe  from  the  more  passive.  A  further  dif- 
ferentiation of  the  inactive  elements,  according  to  their  stability 
and  degree  of  resistance,  determined  the  dry  land  and  the 
oceans.  The  escape  of  heated  material  from  the  interior  of 
the  earth  produced  slaggy  spots  on  the  earth's  surface,  and  as 
these  increased  a  glassy  crust  was  formed.  Thus  the  earth 
was  gradually  converted  from  the  condition  of  a  radiant  sun 
to  a  dark  planet  The  cosmical  theories  of  Leibnitz  suffered 
in  the  original  from  a  want  of  clearness  in  the  diction,  and  are 
strained  on  account  of  the  author's  conscientious  effort  to  pre- 
sent a  historical  account  of  the  earth's  surface  that  should  be 
in  harmony  with  the  Mosaic  genesis. 

That  part  of  the  Protogaa  which  deals  with  mineralogy  is 
much  more  practical.  His  official  position  at  the  Court  of 
Hanover  enabled  Leibnitz  to  become  acquainted  with  the 
mines  and  the  natural  products  of  the  Harz  mountains,  and  he 
gave  an  account  of  the  mode  of  occurrence  of  the  metals  and 
minerals.  He  also  supplied  a  detailed  description,  with  illus- 
trations, of  a  number  of  fossils  occurring  in  Hanover  and 
Brunswick  in  the  copper  schists. 

If  Leibnitz  was  careful  to  make  his  theory  of  the  earth  con- 
form with  the  Mosaic  account  of  Creation,  this  feeling  was  far 
more  strongly  expressed  in  England. 

Dr.  Thomas  Burnet,  in  his  Sacred  Theory  of  the  Earth,  pub- 
lished 1 68 1,  thinks  that  in  the  beginning  our  earth  was  a 
chaotic  mixture  of  earth,  water,  oil,  and  air,  which  gradually 
consolidated  into  a  spherical  form.  The  various  rock -ingre- 
dients separated  out  from  the  primitive  chaos  according  to 
their  weight,  the  heaviest  material  accumulating  round  the 
earth's  centre;  this  in  its  turn  was  surrounded  by  water,  on 
whose  surface  the  oily  material  floated,  and  the  atmosphere 
enveloped  the  whole.  Gradually,  the  fmer  particles  that  had 
been  held  in  suspension  in  the  atmosphere  settled  upon  the 
oil  and  formed  a  fatty  superficial  layer  that  afforded  nourish- 
ment for  the  first  plants,  animals,  and  human  beings. 

The  earth  was  oval,  and  its  axis  stood  upright,  in  the  same 
plane  as  the  earth's  path,  hence  there  were  no  alternating 
seasons,  no  mountains,  no  seas,  no  rivers,  no  storms.  It 
rained  only  at  the  poles,  but  the  water  filtered  at  once  into  the 
earth's  interior.      This  state  of  earthly  paradise  lasted  i6op 
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years,  until  the  moist  and  fertile  superficial  layer  was  dried  by 
the  heat  of  the  sun,  and  began  to  rend  and  crack.  The  waters 
below  became  heated,  vapours  rose,  and  bursting  through  the 
fertile  layer,  came  into  contact  with  the  atmosphere.  The 
intermingling  of  air  and  vapour  produced  fearful  storms  of 
thunder  and  lightning  and  torrential  rains. 

The  superficial  layer  broke  in  many  places,  and  p)ortions  of 
it  sank  into  the  earth's  abysses.  As  they  fell,  some  parts  were 
crushed,  and  tumbled  in  disorder  above  one  another,  so  that 
they  formed  mountains,  valleys,  and  islands.  This  was  the 
period  of  the  great  Deluge,  during  which  plants  and  living 
creatures  were  almost  all  destroyed.  As  the  floods  retreated 
the  present  state  of  our  earth  was  initiated,  but  it  also  will  one 
day  pass  away  in  a  universal  conflagration.  Then  will  succeed 
a  second  Chaos  from  which  the  Golden  Age  will  spring. 

Burnet's  circumstantial  sketch,  which  in  no  way  militated 
against  Biblical  evidences,  excited  considerable  attention,  and 
won  for  him  worldly  preferment.  But  in  a  later  work  in  1692, 
Burnet  treated  the  Mosaic  account  of  the  Fall  of  Man  as  an 
allegory,  and  for  this  heresy  he  was  dismissed  from  his  appoint- 
ments at  Court. 

John  Woodward,^  the  collector  and  palaeontologist,  was  the 
most  famous  English  representative  of  the  religious  school  of 
geologists.  His  Natural  History  of  the  Earth  and  Terrestrial 
Bodies^  etc.  (London,  1695),  was  translated  into  Latin  by 
Johann  Scheuchzer,  and  had  a  wide  circulation.  In  this 
work.  Woodward  described  his  collection  of  fossils,  minerals, 
metals,  and  rock  specimens.  He  strongly  opposed  the  opinion 
that  fossils  could  be  mere  imitative  sports  of  nature,  and  said 
they  represented  past  faunas  and  floras.  But  he  supposed 
these  remains  to  have  been  carried  to  their  present  position  in 
the  earth  by  a  universal  flood,  the  deluge  of  the  Scriptures. 

Before  the  Flood,  the  earth's  surface  conformation  had  been 
similar  to  that  which  we  now  know,  and  the  ante-diluvial 
forms  of  life  on  the  globe  had  not  differed  materially  from 
post-diluvial  forms.     The  earth's  interior  had  been  filled  with 

*  John  Woodward,  lx)rn  1665,  in  Derbyshire,  studied  medicine  under  a 
praciical  physician  in  Gloucester,  was  appointed  Professor  at  Gresham 
College  in  London  in  1692,  died  1722.  He  bcqueaChed  his  valuable 
collcclion  and  library  to  the  University  of  Canibridjjc.  One  of  the  most 
violent  opponents  of  Woodward's  views  wns  Elias  Camcrarius,  Professor  at 
TUl»Dgen. 
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)n  the  1 8th  November  2349  B.C.,  a  great  comet  stood  above 
he  Equator,  its  tail  came  into  contact  for  some  hours  with  the 
;arth,  shook  out  waterspouts,  and  simultaneously  the  subter- 
•anean  waters  escaped  and  inundated  the  earth's  surface.  The 
Flood  destroyed  plants,  animals,  and  human  beings. 

The  famous  zoologist,  John  Ray,  in  his  Three  Physico- 
'heo.'ogicai  Discourses  (London,  1693),  took  much  the  same 
standpoint  as  Woodward.  He  accentuated,  however,  the  great 
mportance  of  running  water  as  an  agent  of  surface  erosion, 
ind  explained  the  wide  continental  flats  and  deserts  as  a  result 
5f  the  occasional  escape  of  subterranean  waters  and  the  occur- 
rence of  gigantic  floods. 

Johann  Jacob  Scheuchzer,  the  Zurich  professor,  turned  his 
ittention  to  geological,  geographical,  zoological,  and  botanical 
3ursuits  during  his  frequent  travels,  and  was  an  ardent  fossil  and 
Tiineral  collector.  A  few  geological  sections  which  he  made 
n  the  neighbourhood  of  Lake  Lucerne  were  the  first  attempts 
n  the  literature  to  reproduce  bent  strata  and  other  features  of 
nountain  structure  by  means  of  accurate  sectional  drawing. 
But  his  works  afforded  as  little  insight  into  the  mineralogical 
:omposition  and  stratigraphy  of  the  rocks,  and  the  distribution 
jf  fossils,  as  those  of  his  predecessors  and  contemporaries. 
.  Italy,  at  the  beginning  of  the  eighteenth  century,  possessed 
:wo  geologists,  Antonio  Vallisnieri  and  Lazzaro  Moro,  who 
sought  to  counteract  the  tendency  of  their  time  towards  the 
iheoretical  construction  of  an  earth  history.  Vallisnieri  (1661- 
1730),  who  held  the  post  of  Professor  of  Medicine  at  Padua, 
k\as  an  enthusiastic  fossil-collector,  and  entered  strong  pro- 
:est  against  the  idea  that  the  Flood  was  accountable  for  the 
mnihilation  of  all  pre-existing  organisms.  His  writings  point 
Dut  that  marine  deposits  are  widely  distributed  in  Italy  at  botli 
iides  of  the  Apennines,  and  are  also  present  in  Switzerland, 
Tiermany,  England,  Holland,  and  other  lands,  and  Vallisnieri 
:herefore  argues  that  those  deposits  prove  incontestably  the 
"ormer  presence  of  the  sea  over  these  localities.  He  favours 
Strabo's  doctrine,  and  explains  how  different  areas  of  the 
earth's  surface  may  have  frequently  undergone  relative  changes 
3f  level,  how  portions  which  are  now  dry  land  may  formerly 
liave  been  under  sea-water.  He  further  explains  the  presence 
of  marine  fossils  in  these  deposits,  on  the  natural  assumption 
that  the  inhabitants  of  the  sea  as  they  died  fell  to  the  bottom, 
and   were    there   incorporated    in    the   deposits.      Vallisnieri 
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enumerates  the  known  cases  of  fluctuations  of  level,  and  men- 
tions changes  going  on  at  PozzuolL  He  gives  also  a  detailed 
account  of  the  island  of  Mea  Kaumen  that  appeared  ofTSantorin 
in  the  year  1707. 

The  learned  abbot,  Antonio  I^azzaro  Moro  (1687-1740), 
warmly  contested  the  views  of  Burnet,  Woodward,  and  Leib- 
nitz. Moro's  own  theory  of  the  earth  was  based  upon  the 
upheaval  of  the  new  volcanic  island  at  Santorin.  The  emer- 
gence of  the  island  was  marked  by  earthquake  and  volcanic 
disturbances,  which  went  on  intermittently  for  several  months. 
Moro  attaches  great  importance  to  the  fact  that  the  rocks,  as 
they  began  to  rise  from  the  /Kgean  Sea,  were  covered  with 
oysters,  and  that  these  were  afterwards  buried  by  the  ejected 
volcanic  material.  He  then  describes  the  origin  of  Monte 
Nuovo,  near  Naples ;  and,  following  Paragallos  for  the  most 
part,  he  gives  a  complete  account  of  the  eruptions  of  Vesuvius 
from  the  year  79  a  d.,  and  of  the  eruptions  of  Etna.  His  doc- 
trine was  that  the  fossils  found  in  the  mountains  had  originated 
where  they  were  found,  and  that  the  mountains  themselves  had 
been  upheaved  from  the  sea  by  volcanic  action.  All  continents 
and  islands  had  also  been  upheaved  in  this  way.  The  stratified 
material  composing  some  mountains  represented  the  original 
volcanic  ejections,  which  in  consolidating  had  assumed  a 
certain  stratification  of  a  secondary  character,  such  as  is 
presented  at  Monte  Nuovo,  Vesuvius,  and  Etna. 

It  is  unnecessary  to  enter  into  the  details  of  the  sequence 
of  events  drawn  up  by  Moro  in  the  part  of  his  work  devoted 
to  the  earth's  history.  With  the  exception  that  he  follows 
Vallisnieri  in  discarding  the  Flood,  the  chain  of  events  is 
designed  in  harmony  with  Scriptural  authority;  and  an  official 
affidavit  is  given  in  the  preface  that  the  book  contains  nothing 
which  is  inimical  to  the  Catholic  faith.  Moro  was  highly 
esteemed  in  his  time,  and  was  very  successful  in  spreading 
his  teaching.  But  he  contributed  little  that  was  new  to 
science.  Even  his  doctrine  of  convulsive  upheavals  had 
been  largely  anticipated  by  Strabo;  while  his  own  con- 
temporary, Robert  Hooke,  had  worked  along  similar  lines, 
although  his  writings  were  unknown  to  Moro. 

A  striking  contrast  to  the  work  of  Moro  is  presented  by  the 
Te/iiamed  (anagram  of  the  author)  of  De  Maillet.  Whereas 
Moro  attributed  all  continents,  mountains,  and  islands  to 
volcanic  agency,  De  Maillet  regards  all  the  rocks  of  the  earth 
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as  marine  deposits.  Telliamed  yiaiS  written  in  171 5  and  1716, 
but  did  not  appear  until  1 748.  On  account  of  its  heterodoxy, 
De  Maillet  would  not  allow  its  publication  until  after  his  death. 
The  book  is  written  in  the  form  of  dialogues  between  an 
Indian  philosopher,  Telliamed,  and  a  French  missionary.  All 
the  heterodox  ideas  of  the  author  are  placed  in  the  mouth  of 
the  oriental,  and  it  is  left  to  the  listener  to  adopt  them  or  to 
reject  them. 

The  subject-matter  is  divided  into  six  dialogues.  The  first 
dialogue  starts  upon  the  hypothesis  that  in  the  beginning  the 
whole  earth  was  covered  by  water.  As  the  water  diminished 
in  volume,  mountains,  islands,  and  continents  made  their 
appearance.  The  highest  or  primitive  mountain-systems 
emerged  from  the  world-ocean  at  a  time  when  the  seas  were 
very  sparsely  inhabited  by  organisms,  hence  these  rocks  are 
either  un fossil iferous  or  poorly  fossiliferous.  By  the  erosion 
and  fragmentation  of  these  primitive  rocks  the  material  for 
the  further  formation  of  rock  was  obtained.  Sediments  were 
continually  in  process  of  deposition  in  the  seas,  and  the 
younger  the  rocks,  the  more  richly  they  became  filled  with 
ihe  remains  of  animals  and  plants.  Telliamed  also  notes  that 
many  species  of  fossil  mollusca  are  apparently  now  extinct. 

The  second  dialogue  brings  forward  a  number  of  evidences 
in  support  of  Telliamed's  hypothesis  that  the  level  of  the  ocean 
was  formerly  higher.  Telliamed  reckons  the  lowering  of  the 
sea-level  at  a  foot  in  three  hundred  years,  or  three  and  a  quarter 
feet  in  a  thousand  years.  The  third  dialogue  suggests  various 
methods  by  which  a  more  accurate  determination  of  the  lower- 
ing of  the  sea-level  might  be  obtained.  The  fourth  is  devoted 
to  fossils,  the  origin  of  which  from  living  organisms  Telliamed 
firmly  believed  in.  The  fifth  and  sixth  dialogues  treat  of  the 
cosmology  of  the  earth,  but  are  distinctly  weaker  than  the  fore- 
going. If  we  except  these  concluding  chapters,  the  Telliamed 
far  outshines  other  geological  writings  of  the  eighteenth  century 
in  its  wealth  of  observed  facts,  its  daring  originality,  and  its 
charm  of  style. 

A  few  other  notable  works  of  the  eighteenth  century  may 
be  briefly  mentioned.  The  Englishman  Needham,  writing 
in  1769,  assumed,  like  Leibnitz,  a  central  fire  in  the  earth, 
and  traced  to  it  the  origin  of  mountains  and  volcanoes. 
He  thought  the  concentric  arrangement  of  the  strata  upon 
mountains  indicated  that  these  strata,  and  the  fossils  contained 
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in  them,  represented  marine  deposits  that  had  been  pushed 
upward  by  the  expansive  force  working  centrifugally  through 
the  earth.  Needham  explained  the  Mosaic  ''Days"  as  primi- 
tive periods  of  protracted  length. 

Justi,  in  his  GeschichU  des  Erdkorpers  (Berlin,  1771), 
regarded  all  planets  and  comets  as  torn  fragments  of  the  sun. 
The  Earth  was  originally  a  mixture  of  soft  earth  and  water, 
mixed  with  oily  and  mercurial  substances.  The  spherical 
form  was  developed  as  a  result  of  rotation  round  an  axis.  The 
water  taken  from  the  sun  distributed  itself  over  the  globe, 
and  the  latter  became  enveloped  by  a  vaporous  atmosphere. 
Life  began  to  inhabit  the  water,  and  minerals  and  the  various 
kinds  of  rock  were  formed  by  new  combinations  of  the  original 
ingredients.  The  whole  work  is  a  compilation  of  fancies  hung 
on  a  few  slender  pegs  of  fact. 

Other  German  writers,  Gleichen-Rosswurm,  Professor 
Johann  Gottlob  Kriiger,  and  Johann  Silberschlag,  allowed  their 
imagination  to  carry  them  into  still  more  glaring  absurdities. 
But  it  is  worth  mentioning  that  Rosswurm,  in  sketching  the 
development  of  life  on  the  globe,  begins  with  the  existence  of 
infusoria  in  the  sea.  The  skeletons  of  these  are  said  to  have 
formed  an  "  elementary  earth  "  on  the  sea-basin,  from  which 
sprang  larger  and  rougher  forms  of  animals,  until  at  last,  after 
immeasurably  long  epochs,  all  aquatic  forms  of  animal  life  had 
come  into  existence. 

Beginnings  of  Geological  Observation, — The  true  spirit  of 
research  was  still  kept  alive  by  men  who  confined  themselves 
to  special  subjects  of  investigation,  or  described  the  strati- 
graphy of  particular  localities. 

Friedrich  Mylius  published  in  1704  and  1718  a  valuable 
work  on  the  rocks  of  the  Thuringlan  district.  John  Strachey, 
in  England,  gave  an  admirable  description  of  the  various  kinds 
of  strata  present  in  the  coal  districts  of  Somerset  and  North- 
umberland {Pkilos.  Trans.,  1 714  and  1725).  Holloway  studied 
the  chalk  deposits  in  Bedfordshire  (Philos.  Trans,,  '723). 

In  Italy,  Spada  and  the  Sicilian  observer,  Schiavo,  drew 
attention  to  the  fossiliferous  deposits  of  the  younger  Tertiary 
periods;  the  Venetian  teacher,  Donati,  compared  the  present 
deposits  and  fauna  of  the  Adriatic  Sea  with  the  deposits  and 
fossils  at  the  base  of  the  Apennines.  Baldassari  contributed 
a  similar   work   on   the   deposits  near   Siena.     The   traveller 
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Targioni  Tozetti,  of  Tuscany,  occupied  himself  with  the  fossil 
lenticles  (NummulUes)  of  Casciano  and  Parlascio,  which  he 
took  for  corals,  and  also  with  the  fossil  remains  of  land  mam- 
malia that  are  distributed  in  the  valley  of  the  Arno,  in  Val  di 
Chiana,  and  Ombrosa.  Targioni  showed  conclusively  that  the 
mammalia  had  lived,  in  these  valleys,  and  had  not  been 
carried  there  by  any  diluvial  catastrophe,  or  brought  by  the 
Carthaginians. 

To  Christopher  Packe  we  are  indebted  for  the  first  geo- 
logical map  of  a  part  of  England  in  his  work,  A  New 
Philosophical'Chorographical  Chart  of  East  Kent^  published  in 
1743.  The  map  embraces  a  district  of  32  English  miles  in 
the  east  of  Kent,  and  the  descriptions  in  the  text  are  illustrated 
in  the  map  by  special  signatures  and  lines. 

Lehmann  ^  had  an  ample  knowledge  of  the  minerals 
and  fossils  that  occur  in  the  rocks  of  Prussia.  His  work, 
Versuch  einer  Geschichte  des  Flotzgebirge  (Berlin,  1756),  con- 
tains a  wealth  of  carefully  observed  data,  and  an  elaborate 
statement  of  his  ideas  about  the  origin  and  composition  of  the 
earth's  crust.  Lehmann  accepts  a  universal  deluge,  which 
dissolved  or  carried  away  in  suspension  much  of  the  loose 
surface  material  of  the  primeval  mountains.  The  fine  earth 
and  clay  thus  removed  was  precipitated  as  horizontal  layers 
on  the  sides  and  at  the  base  of  the  mountains,  and  formed 
the  stratified  deposits  {Fidtzgebirge).  As  the  waters  receded, 
these  deposits,  together  with  the  remains  of  plants  and  animals 
that  had  fallen  upon  the  sea  floor,  hardened  into  solid  rock. 

Lehmann  distinguished  the  primitive  rocks  from  those  of 
derived  origin  by  their  greater  height,  and  by  the  nature  of  the 
veins  or  dykes  {Ganggesieine)  that  occur  in  them.  He  did  not, 
however,  differentiate  between  the  mode  of  origin  of  the  so- 
called  vein-rocks  and  the  stratified  systems.  He  thought  the 
vein  material  had  also  originated  from  water,  but  had  been 
laid  down  in  disorder  in  the  early  periods  of  creation  before 
the  universal  deluge,  so  that  it  was  vertically  or  diagonally 
deposited,  and  contained  few  or  no  fossils. 

*  Johann  Gottlob  Leliniann  was  a  teacher  of  mineralogy  and  mining  in 
Berlin.  His  writings  extend  over  chemical,  mincralogical,  geological,  and 
mining  subjects.  In  1761  the  Czarina  Catherine  elected  him  l*rofessor 
of  Chemistry,  and  Director  of  the  Imperial  Museum  at  St.  Petersburg,  but 
he  died  in  1767  from  injuries  caused  by  the  explosion  of  a  retort  filled  with 
arsenic. 
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The  chief  merit  of  Lehmann  is  his  accurate  description  of 
the  stratified  rocks  {Flotzgebirgi),  He  distinguished  thirty 
successive  bands  of  rock  in  the  stratified  system  of  Ilfeld  and 
Mansfeld,  and  set  forth  the  geological  structure  of  that  district 
in  an  accompanying  series  of  diagrams  and  sections.  Many  of 
the  terms  in  his  description  of  the  Thuringian  deposits  were 
adopted  by  him  from  the  miners,  and  have  been  retained  in 
geological  literature;  for  example,  Zechstein  or  mine-stone, 
corresponding  to  the  Magnesian  Limestone  and  shales  or 
Upper  Dyassic  group  in  England;  and  rothes  Todtliegendes 
{Roihiiegende)  or  red  underlyer,  the  unproductive  basement  beds 
below  the  ore-bearing,  and  the  equivalent  of  the  Lower  Dyassic 

What  Lehmann  accomplished  for  the  Permian  rocks  of 
Thuringia  was  accomplished  by  one  of  his  contemporaries,  Dr. 
Fiichsel,^  for  the  Triassic  series  in  the  same  district  In  his 
I^tin  work,  Fiichsel  defined  for  the  first  time  the  scientific 
use  of  the  terms  Stratum  (Schicht),  Situs  (Lager),  and  Series 
viontana  (Formation).  He  used  the  term  "formation"  to 
signify  a  succession  of  strata,  which  have  been  formed  imme- 
diately after  one  another  under  similar  conditions,  and  represent 
one  epoch  in  the  history  of  the  earth;  and  this  is  the  signifi- 
cance which  has  continued  to  be  attached  to  the  term  in 
geology. 

Fiichsel  recognised  nine  formations  in  Thuringia  from  the 
oldest  or  fundamental  rocks  to  the  Muschelkalk  : — 

9.  Muschelkalk,  or  Upper  Limestone  series  (Middle  Trias 
of  later  authors) ; 

8.  The  Sandstone  series  (now  Bunter  sandstones  or  Lower 
Trias); 

7.  Granular  Limestone  and  dolomitic  marls  (now  Zechstein 
dolomite) ; 

6.  The  Metalliferous  series  (Zechstein)  and  copper  slate 
(  Kupferschiefer) ; 

5.  White  rocks,  with  interbedded  sand  and  clay; 

4.  Red  rocks,  with  interbedded  red  marble ; 

*  G.  Christian  Fiichsel  (1722-73)  studied  in  Jena  and  Leipzig,  look  the 
deforce  of  Doctor  at  Erfurt,  and  pa<;sed  the  great  portion  of  his  life  as  a 
physician  in  Kudolstadt.  The  results  of  his  investigations  arc  published  in 
two  works;  the  chief  work  appeared  at  Erfurt  in  1762:  **  Historia  teme 
ct  maris  ex  historia  Thuringue  permontiuni  descriptionem  erecta"  {Acta 
Acad,  elect,  Moguntimr).  The  second  work  was  published  independently, 
and  is  now  very  scarce,  Entwurf  %ur  altesten  Erd  und  Menschen  Geschichte^ 
«773. 
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3.  Slates,  with  intercalations  of  marble ; 

2.  Carboniferous  series  (with  this  Fiichsel  erroneously  in* 
eluded  the  RotMiegende^  or  Lower  Dyas) ; 

I.  Basal,  or  "Vein"  series,  forming  the  summits  of  the 
Harz  and  Thuringian  forest,  with  erect  strata. 

Fiichsel  carefully  observed  and  described  the  fossils  charac- 
teristic of  the  Muschelkalk^  Buntsandsiein,  the  Zechsiein^  and 
other  series. 

Fiichsers  great  work,  though  it  was  unfortunately  but  little 
known  during  its  author's  life-time,  became  practically  the 
model  for  the  Wemerian  School  of  geologists,  and,  more  than 
any  other  individual  work,  laid  the  foundation  of  that  rapid 
development  of  stratigraphical  geology  which  began  in  Germany 
in  the  next  generation.  He  gave  to  the  geological  formation  a 
definite  palaeontological  value,  and  also  represented  the  surface 
outcrop  of  the  several  formations  upon  an  orographical  map  by 
means  of  corresponding  signs,  letters,  or  numbers.  Fiichsers 
geological  maps  were  the  first  of  the  kind  in  Germany,  and  his 
text  was  further  illustrated  by  detailed  geological  sections. 

Professor  Arduino,^  in  Padua,  was  the  most  brilliant  of  the 
early  Italian  stratigraphers.  He  was  the  first  who  sub-divided 
the  stratified  rock-succession  into  Primitive,  Secondary^  and 
Tertiary  groups.  His  geological  observations  were  made  on 
the  rocks  of  the  Paduan,  Veronese,  and  Vicentine  districts  and 
the  neighbouring  High  Alps,  and  he  gave  an  excellent  exposi- 
tion of  the  composition,  surface  outcrop,  and  order  of  super- 
position of  the  strata  in  the  groups  which  he  distinguished. 

According  to  Arduino,  the  Primitive  rocks  are  unfossiliferous, 
and  consist  of  glassy,  micaceous,  strongly  -  folded  schistose 
rocks,  through  which  run  innumerable  veins  of  quartz.  The 
Monies  secundarii  contain  a  great  number  of  marine  fossils, 
and  are  composed  chiefly  of  limestones,  marls,  and  clays. 
Arduino  enumerates  several  minor  groups  within  the  Secondary 
series,  and  dwells  at  considerable  length  on  the  uppermost 
white  and  reddish  limestones,  the  so-called  Scaglia  (Cretaceous 

*  Giovanni  Arduino  (1713-95)  was  Director  of  Mines  in  the  Vicentine 
Province  and  in  Tuscany,  afterwards  Professor  of  Mineralogy  at  Padua;  he 
exerted  a  strong  personal  influence  upon  his  colleagues  in  Italy  and  upon 
the  many  foreign  geologists  that  came  to  Italy  for  purposes  of  study.  His 
writings  were  very  numerous  and  won  him  great  repute.  A  list  of  them  is 
given  in  the  Bibliographic  giologiquc  et paUontologique  de  Vitality  liologna, 
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formations).  He  remarks  the  huge  blocks  of  granite  and 
schist  which  bestrew  the  exposed  surfaces  of  the  Scagiia  rocks, 
saying  that  they  have  been  clearly  carried  here  from  Primitive 
rocks  exposed  in  the  neighbouring  Tyrol.  But  it  remained  for 
a  future  age  to  penetrate  the  mystery  of  the  transport  of  these 
massive  blocks  by  ice.  Arduino's  Monies  ieriiarii  consist  of  a 
younger  and  highly  fossiliferous  series  of  limestone,  sand,  marl, 
clay,  etc.,  and  he  observes  that  the  materials  of  these  can 
in  many  cases  be  shown  to  have  been  derived  from  the 
Secondary  series. 

The  volcanic  rocks  of  Northern  Italy  were  comprised  by 
Arduino  in  a  separate  group,  and  their  different  origin  was 
clearly  pointed  out ;  he  included  in  the  volcanic  group  not 
only  true  lavas  and  tuffs,  but  also  the  fossiliferous  strata  with 
which  the  volcanic  rocks  were  interbedded.  Arduino  accord- 
ingly referred  the  origin  of  the  volcanic  group  to  recurrent 
eruptions  and  intermittent  inundations  of  the  sea. 

The  first  coloured  geological  map  was  published  by  Gottlieb 
Glascr  at  Leipzig  in  1775.  Wilhclm  von  Charpentier  published 
three  years  later  the  Mineralogy  of  Chur-Saxony^  which  ranks 
along  with  the  works  of  Lehmann  and  Fiichsel  as  a  classic  in  the 
early  geological  literature  of  Germany.  The  distribution  of  the 
principal  rocks  and  formations  is  shown  by  means  of  colours 
on  a  large  map,  and  the  occurrence  of  the  less  important 
rocks,  of  mineral  veins  and  volcanic  dykes,  is  indicated  by 
various  signs. 

Charpentier  grouped  granite,  gneiss,  mica  schist,  porphyry, 
and  limestone  together  as  a  basal  formation  belonging  to  one 
and  the  same  geological  epoch.  Above  this  basal  formation 
Charpentier  distinguished  argillaceous  schists  and  slates,  and 
the  greywackes  of  the  Carboniferous  series ;  then  the  Flotz,  or 
ore-bearing  group,  which  he  sub-divided  according  to  Lehmann 
and  Fiichsel. 

Some  years  later,  by  the  discovery  of  Goniatites  and  fossil 
plants  in  the  slates  and  greywackes,  Von  Trebra,  an  overseer 
of  mines,  was  able  to  confirm  Charpentier's  conclusion,  that 
the  true  position  of  these  rocks  in  the  succession  was  above, 
and  not  along  with  the  basal  formation. 

While  the  foregoing  authors  were  conducting  stratigraphical 
researches  in  special  localities,  others  were  endeavouring  to 
enlarge  our  arena  of  knowledge  by  means  of  travel  and  by 
ohservaX\ons  of  a  more  general  character  extended  over  wide 


INTRODUCTION.  39 

nreas.  One  of  the  most  notable  workers  was  the  versatile 
Guettard,^  who  travelled  through  France,  England,  Germany, 
and  Poland,  and  whose  great  desire  it  was  to  reproduce  his 
scientific  observations  on  maps. 

Guettard's  mineralogical  map  of  France  and  England 
naturally  cannot  compare  with  the  present  Geological  Survey 
maps;  but  it  certainly  gives  so  much  accurate  information 
regarding  the  local  occurrence  of  rocks  and  minerals,  and  the 
position  of  mines,  quarries,  fossil  localities,  mineral  springs, 
hot  springs,  coal,  etc.,  that  it  can  still  be  used  with  advantage. 
The  map  is  not  coloured.  The  accompanying  text  refers  only 
in  a  very  meagre  and  unsatisfactory  manner  to  the  strati- 
graphical  succession  of  the  rocks. 

It  was  a  pet  scheme  of  Guettard's  to  publish  a  mineralogical 
atlas  of  the  whole  of  France  This  gigantic  plan  was  never 
completed;  Guettard,  in  collaboration  with  his  colleague,  the 
chemist  Lavoisier,  published  twenty-nine  parts,  and  Monnet, 
in  1780,  added  thirty-one  farther  sheets.  Indirectly,  this  idea 
of  Guettard 's  was  productive  of  very  important  results,  for  the 
preparation  of  the  maps  demanded  an  energetic  search  in  the 
open  field  for  the  necessary  data.  The  enthusiasm  of  Guettard 
inspired  others,  and  there  rapidly  appeared  a  large  number  of 
scientific  papers  on  the  mineralogical  features  of  different 
French  terrains.  One  very  interesting  paper  gives  an  enthusi- 
astic account  of  the  neighbourhood  of  Paris,  its  rocks,  its 
minerals,  and  a  large  number  of  fossils. 

Guettard  described  the  processes  of  land  denudation  effected 
by  the  solvent  and  destructive  agency  of  rain  and  rivers,  and 
by  the  abrasion  of  the  waves.  This  is  probably  the  first  paper 
in  which  a  systematic  account  of  denudation  is  given  in  its 
relation  to  changes  in  the  configuration  of  the  earth's  surface. 
But  the  most  brilliant  of  Guettard's  achievements  was  his 
discovery  of  the  volcanic  rocks  in  the  Auvergne  region. 

In  1757  he  was  journeying  to  Moulins  and  Riom,  when  he 
observed  that  black  stones  were  very  common  on  the  roads 
and  in  buildings.  Recognising  that  these  were  fragments  of 
volcanic  lava,  Guettard,  accompanied  by  his  friend  Malesherbes, 

*  Jean  Etiennc  GucUard  (1715-86),  son  of  an  apothecary,  while  still  a 
lyjy  displayeil  a  passion  for  natural  history,  especially  for  botany;  studied 
medicine  in  Paris,  afterwards  accompanied  the  Duke  of  Orleans  on  his 
travels,  and  was  made  keeper  of  his  natural  history  collections.  In  1734 
he  was  elected  a  member  of  the  French  Academy. 
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followed  the  traces  of  the  lava,  and  was  thus  guided  to  the  ex- 
tinct volcanoes  in  Auvergne,  which  had  up  to  that  time  been 
unknown  in  mineralogical  science.  His  famous  paper,  entitled 
'^Sur  quelques  montagnes  de  la  France  qui  ont  ^t^  Volcans," 
was  presented  at  the  Royal  Academy  of  Sciences  in  1752,  and 
published  in  1756.  His  paper  on  basalt  was  published  in 
1770. 

Giraud  Soulavie,  abbot  at  Ntmes,  investigated  the  extinct 
volcanoes  in  Vivarais,  Velay,  Auvergne,  and  Provence.  His 
chief  book,  Histoire  naturelle  de  la  France  meridionaJe  (Nimes, 
1780-84),  gave  an  accurate  description  of  the  rocks  of  the 
neighbourhood.  In  it  Soulavie  strongly  advocated  the  vol- 
canic origin  of  basalt,  and  described  minutely  the  physical 
peculiarities  and  the  divisional  planes  of  basalt  rock.  He  also 
made  an  attempt  to  determine  a  chronological  succession  of 
the  volcanic  eruptions  upon  the  basis  (i)  of  the  position  of 
the  basaltic  flows  above  or  below  rocks  of  other  composition 
and  origin,  (2)  of  the  preservation  of  the  scoriaceous  and 
slaggy  surfaces,  (3)  of  the  variations  in  the  height  of  the 
extinct  craters.  Even  although  the  succession  drawn  up  by 
Soulavie  could  not  be  other  than  faulty,  owing  to  the  ele- 
mentary state  of  slratigraphical  knowledge  at  that  time,  it  was 
a  remarkable  piece  of  work,  and  fully  justifies  for  him  a  high 
place  amongst  the  geologists  of  the  end  of  the  eighteenth 
century.  His  own  contemporaries  were  inclined  to  see  rather 
the  weaknesses  than  the  excellences  in  the  work  of  the  country 
abbot.  Many  of  Soulavie's  conceptions  and  observations  have, 
however,  proved  themselves  to  be  eminently  fruitful  and  valu- 
able. 

Rouelle,  a  lecturer  on  chemistry,  seems  to  have  been  an 
exceptionally  acute  thinker.  In  a  short  introduction  to  a 
series  of  lectures  on  chemistry,  Rouelle  touched  on  the  origin 
of  the  earth  and  the  composition  of  its  crust.  He  distinguished 
"an  old  and  a  new  earth."  To  the  first  he  reckoned  granite, 
in  the  latter  he  placed  all  calcareous,  argillaceous,  and  arena- 
ceous rocks,  together  with  the  fossils  contained  in  them.  The 
fossils  were,  he  said,  distributed  in  the  succession  of  rocks  in 
a  definite  order  of  development,  and  these  extinct  forms  had 
differed  in  the  different  lands  according  to  environment  and 
climate,  just  as  the  existing  faunas  and  floras  differ  in  different 
localities  at  the  present  day.  Rouelle  further  explained  the 
coal  scams  as  accumulations  of  plants;  the  rough  limestone 
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of  Paris  as  a  mass  of  fossil  molluscs,  amongst  which  the  genus 
Cerithia  predominated;  and  the  limestones  in  Burgundy  and 
in  the  Morvan  as  similarly  an  aggregated  mass  of  ammonites, 
belemnites,  and  gryphites.  Unfortunately,  Rouelle  published 
nothing  more  than  the  bare  outline  of  his  ideas,  and  they  failed 
to  benefit  the  general  development  of  geology. 

A  Swedish  mineralogist  of  wide  repute  was  Johann  Ferber, 
who  taught  first  in  St  Petersburg,  afterwards  in  Berlin,  and 
finally  settled  in  Switzerland.  He  was  an  indefatigable 
traveller,  and  wrote  interesting  series  of  letters  relating  his 
impressions  and  observations  during  journeys  in  nearly  all 
European  countries.  His  description  of  the  neighbourhood 
of  Naples,  and  still  more  his  account  of  the  ejected  rocks 
of  Vesuvius,  are  among  the  finest  scientific  writings  of  the 
eighteenth  century. 

Ignaz  von  Born,  an  Austrian,  was  a  learned  mineralogist,  and 
a  palaeontologist  of  far  keener  insight  than  most  of  his  con- 
temporaries. Like  Rouelle,  he  realised  the  great  part  that 
fossils  were  destined  to  play  in  historical  geology,  observing 
that  successive  assemblages  of  fossils  gave  indication  of  the 
diflferent  geographical  and  climatic  conditions  which  had 
obtained  in  the  same  area  during  successive  ages.  In  one  of 
his  treatises,  Von  Born  recognised  that  the  "  Kammerbiihel " 
near  Franzensbad  was  an  extinct  volcano,  but  this  opinion 
was  at  the  time  attacked  and  contradicted  by  Reuss,  the 
Neptunist 

G.  L.  Leckrc  de  Buffon} — It  was  only  natural  that  misgivings 
should  have  been  aroused  in-  the  minds  of  many  thinkers 
regarding  a  science  whose  literature  frequently  indulged  in 
unfounded  and  fantastic  hypotheses,  and  whose  votaries  seemed 
often  to  arrive  at  worldly  distinction  without  having  displayed 
any  deep  scientific  knowledge  or  accurate  observation  of 
nature. 

BufTon  gave  expression  to  this  widespread  feeling  among  his 
contemporaries   when    he    made    the    sarcastic   remark   that 

*  George  Louis  Leclerc  de  Buffon,  born  at  Monlbard  in  Burgundy  in 
1707,  was  the  son  of  a  wealthy  land-proprietor  and  Member  of  Parliament, 
Benjamin  Leclerc.  In  the  early  part  of  his  scientific  career,  he  devoted 
himself  to  physics  and  mathematics,  but  was  appointed  in  1739  to  succeed 
Dufay  as  Director  of  the  Botanical  Garden  at  Paris.  He  received  the  title 
of  Count  with  the  surname  De  Buffon.     He  died  in  Paris  in  1788. 
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geologists  must  feel  like  the  ancient  Roman  augurs  who  could 
not  meet  each  other  without  laughing.  Nevertheless,  •  he 
resolved  to  gather  together  all  the  actual  observations  hitherto 
recorded  in  geological  science,  and  to  construct  a  more  reason- 
able history  of  the  earth  upon  this  recognised  basis. 

His  first  geological  work,  Theorie  de  la  Terre^  which  was 
published  in  1749,  marked  little  advance  upon  current 
literature,  but  it  was  an  able  argument  against  the  principles  of 
the  earth's  origin  held  by  Whiston,  Burnet,  Woodward,  and 
I^ibnitz,  and  boldly  denounced  the  popular  idea  of  a  universal 
Deluge.  His  great  work,  iLpoqms  de  la  Naiurcy  appeared 
twenty-nine  years  later,  in  1778. 

Buffon  there  enumerates  five  **  facts "  of  first  importance, 
and  five  additional  **  monuments  "  or  comments.  The  "  facts  " 
are  physical  in  character;  they  postulate  the  oblate-spheroidal 
form  of  the  earth;  compare  the  small  amount  of  heat  received 
from  the  sun  with  the  large  supply  possessed  by  the  body  of 
the  earth;  the  effect  of  the  earth's  internal  heat  in  altering  the 
rocks  of  the  crust;  and  the  presence  of  fossils  everywhere  over 
the  earth,  even  on  the  tops  of  the  highest  mountains.  The 
**  monuments  "  assert  that  all  limestones  consist  of  the  remains 
of  marine  organisms,  and  that  in  Asia,  America,  and  the  North 
of  P^urope  the  remains  of  large  terrestrial  animals  occur  at  a 
small  depth  below  the  surface,  showing  that  they  apparently 
dwelt  in  these  regions  at  no  very  remote  age;  whereas  the 
deeper-lying  remains  of  marine  creatures  in  the  same  region 
belong  to  extinct  species,  or  are  related  only  to  forms  now 
inhabiting  far  distant  seas. 

Starting  from  these  axioms,  Buffon  p>ortrays  in  very  attractive 
terms  the  beginning,  the  past,  and  the  future  of  our  planet 
He  derives  the  material  of  our  earth  and  the  other  bodies  of 
the  solar  system  from  the  impact  of  a  great  comet  with  the  sun. 
The  earth's  material  assumed  the  form  of  a  spheroid  flattened 
at  the  Poles,  and  for  2,936  years  continued  in  a  molten  state. 
This  was  the  first  epoch  in  Buffon's  scheme,  and  he  determined 
its  length  of  duration  by  a  series  of  experiments  with  balls  of 
melted  iron  of  different  sizes.  In  the  same  way  he  determined 
the  duration  of  the  molten  state  to  b(»  644  years  in  the  case  of 
the  moon,  2,127  for  Mercury,  1,130  for  Mars,  5,140  for  Saturn, 
and  9,433  years  for  Jupiter.  The  period  required  for  the  earth 
to  cool  down  to  its  present  temperature  was  calculated  by 
Buffon  to  be  at  least  74,800  years. 
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To  the  second  epoch  {circa  35,000  years)  Buffon  assigns  the 
gradual  consoHdation  of  the  material  at  the  earth's  surface. 
The  occurrence  of  rents  in  this  primitive  crust  allowed  the 
influx  of  molten  metallic  ores,  and  was  the  first  cause  of  surface 
irregularities.  At  the  commencement  of  the  third  epoch  (ca, 
15-20,000  years),  the  cooling  of  the  earth  proceeded  so  far  that 
the  atmospheric  vapours  were  precipitated  and  gave  origin  to 
the  primitive  universal  ocean.  Then  began  the  development  of 
life  in  the  warm  waters  and  the  accumulation  of  marine  sedi- 
ments. Gradually  the  mountains  and  continents  appeared,  the 
tapering  of  the  continents  towards  the  south  being  due  to  the 
rush  of  oceanic  currents  from  south  to  north.  The  fourth 
period  {ca,  5000  years)  was  signalised  by  a  sudden  accession 
of  the  earth's  internal  heat,  with  the  result  that  violent  volcanic 
eruptions  burst  forth,  and  were  accompanied  by  gigantic 
convulsions  of  the  earth's  crust. 

The  fifth  period  saw  calm  restored,  but  the  equatorial  regions 
were  still  so  hot  as  to  be  uninhabitable.  Life  flourished  over 
large  continental  regions  at  the  Poles,  and  the  large  terrestrial 
animals,  elephants,  mastodons,  the  rhinoceros,  and  others,  came 
into  existence.  As  the  heat  continued  to  diminish,  the  faunas 
and  floras  gradually  migrated  southward. 

The  sixth  period  saw  the  decimation  of  a  continuous 
northern  continent  into  several  portions,  and  many  local 
changes  in  the  extent  and  position  of  the  seas.  Man  appeared 
and  began  to  struggle  with  lower  creation  for  the  means  of 
existence. 

The  seventh  period  is  the  epoch  of  Man's  lordship  in  the 
world,  and  this  will  continue  until  the  earth  cools  to  a  tempera- 
ture twenty-five  times  colder  than  that  of  the  present  age,  when 
all  Creation  on  the  Earth's  surface  will  be  annihilated. 

Buffbn's  merit  consists  in  the  bold  construction  and  masterly 
exposition  of  a  theory  which  for  the  first  time  brought  the 
historical  possibilities  of  geology  to  the  forefront.  His  calcu- 
lation of  the  duration  of  the  successive  epochs  had,  it  is  true, 
no  empirical  basis.  Yet  it  made  sufficiently  clear  to  all  readers 
the  author's  desire  to  insist  upon  long  periods  of  time  for  the 
slow  processes  of  change  in  the  earth's  configuration,  and  for 
the  appearance  of  successive  forms  of  plant  and  animal  life. 
Some  of  the  noteworthy  advances  made  by  Bufic)n  were  the 
differentiation  which  he  drew  between  the  primitive  rocks 
formed  in  the  second  period,  and  the  sedimentary  and  volcanic 
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rocks  of  the  next  periods;  his  clear  conception  that  the  oldest 
inhabitants  of  the  ocean  had  become  extinct  and  been 
succeeded  by  younger  forms;  his  allocation  of  the  early  home 
of  the  large  Mammalia  in  Polar  districts;  and  his  belief,  based 
upon  the  distribution  of  land  faunas,  that  the  Old  and  New 
Worlds  had  once  been  united  as  a  wide  Northern  Continent 

The  weaker  features  of  Buffon's  work  are  his  views  about  the 
origin  of  mountains  and  valleys,  which  are  far  behind  those 
of  Steno,  and  appear  to  have  been  taken  for  the  most  part 
from  the  Ttllianud.  He  also  neglected  to  incorporate  the 
important  results  Attained  by  Lehmann,  Fiichsel,  Anduino,  and 
other  stratigraphers.  At  the  same  time,  Bulfon  was  undeniably 
oneuf  the  mosl  Rifted  -exponents  of  that  speculative^direction 
which  chacactei:i8ed-  the  geol^cal  writmgs  of  ihe  sixfeenth, 
sevenTeenth,  and  eighteenth  centuries!^  This  peiiud,  iTOWevefj 
contributed  a  large  amount  of  useful  material  towards  our 
knowledge  of  the  earth,  and  its  many  theoretical  failures 
brought  men  at  last  to  a  clearer  preception  that  the  materials 
for  an  accurate  history  of  the  earth  must  be  looked  for  in  the 
earth  itself.  But  the  key  had  not  yet  been  discovered  to  the 
solution  of  a  chronological  succession  of  rock-formations ;  the 
study  of  stratigraphy  was  still  in  its  infancy,  and  the  merest 
beginning  had  been  made  in  the  investigation  of  deformation 
of  the  crust  and  mountain  structure. 

Volcanoes  and  Earthquakes, — The  phenomena  of  volcanoes 
and  earthquakes  have  always  attracted  a  large  share  of 
attention  from  geologists,  not  only  in  virtue  of  their  majesty 
and  splendour,  but  also  because  of  their  destructive  effects 
upon  human  life  and  property.  The  philosophers  of  antiquity 
for  the  most  part  associated  volcanoes  and  earthquakes  with  a 
molten  earth-nucleus,  or  with  special  subterranean  centres  of 
eruptivity,  and  the  majority  of  the  authors  in  the  sixteenth, 
seventeenth,  and  eighteenth  centuries  supported  one  or  other 
of  these  views. 

Martin  Lister  had  a  theory  that  when  sand  or  other  material 
with  an  admixture  of  sulphur  weathered  in  the  atmosphere,  the 
sulphur  became  heated  and  exploded,  causing  volcanic  erup- 
tions. Leniery,  in  1700,  put  Lister's  theory  to  experimental 
test ;  he  showed  how  a  mixture  of  sulphur,  iron  filings,  and 
water  imbedded  in  earth  becomes  heated,  and  finally  bursts 
open  the  earthy  covering  and  emits  flame  and  vapour. 
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e  submarine  eruptions  at  Santorin,  in  1707,  were  fully 
ted  by  Vallisnieri  and  Lazzaro  Moro,  but  Mount  Vesuvius 
:he  volcano  which  proved  the  chief  source  of  interest 
ghout  the  sixteenth,  seventeenth,  and  eighteenth  centuries, 

it  was  visited  by  cultured  men  of  all  countries  during 
travels  in  Italy, 
e   Royal    Librarian    in   Naples,  Father  della  Torre,  in 

compiled  a  complete  record  of  all  the  active  eruptions 
»ther  phenomena  observed  at  Vesuvius  from  79  a.d.  to  the 
le  of  the  eighteenth  century.  Valuable  information  about 
rius,  Etna,  and  the  surroundings  of  Naples  is  contained 
i  letters  addressed  by  the  English  ambassador  at  Naples, 
llliam  Hamilton,  to  the  President  of  the  Royal  Society  in 
on.  And  the  handsome  volume,  with  fifty-nine  coloured 
ij  by  the  same  author  still  holds  its  reputation  as  one 
e  most  trustworthy  historical  and  scientific  accounts  of 
It  Vesuvius. 

e  progress  of  travel  in  the  sixteenth,  seventeenth,  and 
senth  centuries  gradually  added  a  knowledge  of  the  wide 
bution  of  volcanic  mountains.  Besides  the  S.  European 
noes  and  Mt.  Hecia  in  Iceland,  geographers  recognised 
ictive  volcanoes  of  Kamtschatka,  of  Japan,  the  Sunda 

the  Philippines,  the  Canary  Isles,  the  Azores,  the  West 
s,  Mexico,  and  Peru. 

iantime  Guettard^s  discovery  of  the  extinct  volcanoes  of 
rgne  gave  a  new  impulse  to  the  mineralogical  study  of 
olcanic  rocks  in  that  vicinity. 

colas  Desmarest,  a  French  Professor,  opposed  Guettard^s 
eous  conception  that  the  Auvergne  basalt  pillars  had 
illised  from  a  watery  fluid,  and  demonstrated  the 
iblance  of  the  Auvergne  basalt  to  certain  recent  lavas, 
showed  that  in  the  Auvergne  district  true  basalt  is 
ently  covered  by  volcanic  ashes  or  rests  upon  ashy 
rial,  that  the  transition  in  the  field  from  basalt  to 
lava  is  quite  gradual,  and  that  the  basalt  everywhere 
nts  the  character  of  a  volcanic  mass  that  has  been 
lally  molten  and  has  afterwards  consolidated.  He 
5ht,  further,  that  basaltic  rock  frequently  showed  transitions 
orphyry  (trachyte  and  phonolite),  and  this  again  into 
te,  and  concluded  that  all  these  rocks  probably  originated 

a  molten  state,  the  granite  representing  rock  solidified 

a  less  fluid  state  of  the  volcanic  magma,  and   basalt 
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representing  rock  formed  from  a  completely  molten  magma. 
In  spite  of  Desmarest's  mistaken  views  about  the  relationship 
of  basalt  to  porphyry  and  granite,  he  was  the  first  clear 
exponent  of  the  igneous  origin  of  these  rocks.  He  was 
besides  a  pioneer  in  the  comparative  method  of  study- 
ing the  igneous  rocks.  Papers  confirming  Desmarest  in  his 
estimate  of  the  igneous  origin  of  basalt,  porphyry,  and 
granite  were  contributed  by  Raspe  in  Hesse,  by  Professor 
Arduino  in  Padua,  and  by  Mr.  Strange,  the  English  consul 
in  Venice. 

Faujas  de  Saint-Fond  (i 742-1 819),  Professor  in  the 
Museum  of  Natural  History  in  Paris,  brought  forward 
conclusive  evidences  of  the  igneous  origin  of  basalt  in  his 
famous  work  entitled.  On  the  Extinct  Volcanoes  of  Vivarais 
and  Velay.  The  work  contains  a  detailed  mineralogical 
investigation  of  the  ejected  material  of  active  volcanoes,  and 
compares  them  with  the  rocks  present  in  Vivarais  and  Velay. 
In  the  course  of  his  journeys  in  Southern  France  he  found 
a  volcanic  tuff  identical  with  the  Pozzuolo  earth,  and 
established  the  flourishing  industry  of  the  preparation  of 
cement.  Saint-Fond's  descriptions  and  illustrations  of  the 
extinct  volcanoes  in  Vivarais  and  Velay  are  excellent,  and 
have  scarcely  been  surpassed  in  later  publications. 

The  fearful  earthquake  which  destroyed  Lisbon  in  1755  ^"^ 
made  the  subject  of  a  large  number  of  scientific  inquiries 
into  the  causes  of  earthquakes.  William  Stukeley's  theory, 
attributing  earthquakes  to  electrical  disturbances,  gained  a 
certain  amount  of  support  abroad.  Another  Englishman,  Mr. 
Michell,  suggested  that  the  sudden  expansion  of  vapours 
enclosed  in  fissures  and  cavities  of  the  earth's  crust  caused 
earthquakes  and  volcanoes,  the  upheaval  of  mountain-systems, 
and  the  deformation  of  the  rocks. 


^        Third  Period— The  Heroic  Age  of  Geology, 

FROM     1790    TO    1820. 

The  characteristic  features  of  this  age,  and  that  which  gave 
it  a  rejuvenating  significance  in  the  development  of  geology, 
was  the  determined  spirit  that  prevailed  to  discountenance 
speculation,  and  to  seek  untiringly  in  the  field  and  in  the 
laboratories  after  new  observations,  new  truths. 
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Interest  was  directed,  in  the  first  place,  towards  the  in- 
vestigation and  description  of  the  accessible  parts  of  the 
earth's  crust  The  composition  and  arrangement  of  the  strata 
were  studied  with  enthusiasm.  The  bolder  inquirers  ventured 
into  wild  recesses  of  mountain-chains  and  climbed  snowy 
peaks,  whose  difficulties  had  hitherto  been  thought  insur- 
mountable; travellers  explored  the  uninhabited  plains  of 
Siberia,  the  remote  mountain-ranges  of  Asia  and  America, 
and  brought  home  with  them  new  scientific  material  and 
observations  of  the  highest  importance  for  comparative  re- 
search. 

The  illustrious  Professor  of  Mineralogy  at  Freiberg,  Abraham 
Gottlob  Werner,  exercised  an  unrivalled  authority  amongst  the 
followers  of  the  strict  descriptive  method  in  natural  history. 
By  the  skill  and  eloquence  of  his  teaching,  far  more  than  by 
his  books  and  writings,  Werner  inspired  in  his  scholars  and 
adherents  a  devotion  towards  exact  methods  of  study.  The 
public  lectures  given  by  Werner  systematised  for  the  first 
time  the  subject-matter  that  should  properly  come  within  the 
domain  of  that  rapidly  growing  branch  of  science  for  which  he 
originally  suggested  the  name  "Science  of  Mountains,"  but 
afterwards  called  "  Geognosy."  Werner  included  in  his  system 
of  geognosy  the  mineralogical  identification  of  the  rocks,  also 
the  minerals  present  in  them,  and  their  special  places  of  occur- 
rence, the  determination  of  the  stratigraphical  position  of  the 
rocks,  their  thickness,  and  mutual  relationships,  as  well  as  the 
conditions  under  which  they  took  origin. 

Under  the  term  "  geology,"  suggested  by  De  Luc,  Werner 
would  only  recognise  theoretical  speculations  about  the  origin 
and  history  of  the  earth.  Great  though  the  advantages  of 
Werner's  method  were,  it  was  not  without  its  weaknesses. 
The  chronological  succession  of  the  individual  members  of  a 
formation  was  not  determined  with  sufficient  precision,  the 
fossils  were  scarcely  used  in  determining  the  age  of  a  rock 
stratum,   and  the  history  of  organic  creation  was  not   even 

V  recognised  as  a  subject  of  investigation  in  geognosy. 

J^  In  this  respect  the  great  pioneer  was  the  English  engineer, 
William  Smith.  He  was  the  first  to  make  known  on  incon- 
testable evidence  that  the  stratified  rocks  of  England  could  be 
most  securely  identified  and  arranged  in  chronological  order 
according  to  their  organic  contents.  Smith's  method  of  deter- 
mining the  age  of  rock-strata  from  the  organic  remains  found 
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in  them  provided  an  inestimable  complement  to  Werner's 
system,  since  the  latter  rested  in  the  main  upon  mineralogical 
distinctions.  William  Smith  has  received  the  merited  appella- 
tion of  "  father  of  historical  geology."  Two  French  scientists, 
Alexandre  Brongniart  and  Cuvier,  attained  similar  results, 
independently  of  William  Smith,  from  their  examination  of 
the  fossils  in  the  rocks  of  the  Paris  basin. 

Thus  the  knowledge  and  comparative  investigation  of  fossil 
faunas  and  floras  came  to  be  recognised  as  a  leading  feature 
in  the  study  of  rock-formations.  Rapid  studies  were  made  in 
the  new  direction  of  research  by  Cuvier,  Brongniart,  Lamarck, 
Schlotheim,  Sowerby,  and  others.  The  name  of  Palaeontology 
was  given  to  the  special  department  of  zoological  and  geo- 
logical science  that  treated  of  extinct  organic  forms. 

During  this  period  (i  780-1 820),  while  advances  were  being 
made  in  empirical  methods  of  study,  the  theoretical  aspect 
of  geology  remained  for  the  most  part  on  the  old  lines. 

The  theories  of  the  universe  presented  by  De  Luc  and  De 
la  M^therie  are  largely  imaginative.  Cuvier's  Catastrophal 
Theory  still  betrays  the  dominating  influences  of  the  older 
literature.  Werner's  hypotheses  about  the  origin  and  de- 
velopment of  the  earth  scarcely  rise  above  the  ideas  current 
in  the  seventeenth  and  eighteenth  centuries.  Indeed,  the 
erroneous  views  held  by  Werner  with  regard  to  the  origin  of 
basalt  and  of  volcanoes,  together  with  the  one-sided  character 
of  his  Neptunistic  doctrines,  appreciably  retarded  the  progress 
of  geology. 

The  opponents  of  the  Neptunistic  doctrines  were  the 
Plutonists  and  Volcanists,  who  numbered  in  their  ranks 
many  observers  of  world-wide  repute — e.g,^  Hutton,  Dolomieu, 
Von  Humboldt,  Von  Buch,  Breislak.  Yet  the  early  Plutonists 
had  no  great  array  of  facts  before  them,  and  their  teaching  was 
necessarily  inadequate  for  purposes  of  generalisation. 

On  the  whole,  however,  the  close  of  the  eighteenth  and 
beginning  of  the  nineteenth  century  was  a  period  made 
memorable  in  geology  by  the  pioneer  labours  of  a  brilliant 
phalanx  of  scientific  men  —  Werner,  Saussure,  Humboldt, 
Hutton,  W.  Smith,  Cuvier,  Brongniart,  and  others.  Their 
works  and  teaching  stirred  new  activity  and  interest  in  this 
branch  of  research  in  the  mining-schools  of  Europe,  and 
numerous  adherents  gathered  round  the  intellectual  heroes 
of  the  age.     Students  were  attracted  by  the  freshness  of  the 
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mineralogical  and  geogriostic  discipline,  as  it  now  came  to  be 
enunciated  in  professorial  courses  of  lectures,  and  above  all 
by  enthusiasm  for  a  science  which  had  largely  to  be  pursued 
out-of-doors,  and  therefore  offered  wide  scope  for  the  physical 
as  well  as  the  mental  energies  of  youth. 

Following  the  guidance  of  their  great  leaders,  a  numerous 
band  of  workers,  by  their  unabated  zeal  in  collecting  and 
identifying  fossils  and  rock-specimens,  no  less  than  by  un- 
remitted observations  in  the  field,  established  the  young 
science  of  geology  upon  a  platform  of  equality  with  other 
spheres  of  scientific  knowledge.^ 

Pallas  and  De  Saussure, — Pallas  and  De  Saussure  are  two 
of  the  few  scientific  men  of  the  latter  half  of  the  eighteenth 
Century  who  endeavoured  to  explain  the  surface  conformation 
of  the  earth  upon  principles  of  stratigraphy  and  structure. 
Peter  Simon  Pallas,  born  in  Berlin  in  1741,  came  of  a  highly 

^  The  chief  seals  of  mineralogical  ami  geognoslic  teaching  at  this  time 
were  the  mining-schools;  that  of  Freiberg  was  founded  in  1765,  Schenmitz, 
1770,  St.  Petersburg,  I783»  and  Paris,  1790.  Geology  was  also  associated, 
at  least  in  Germany,  with  the  literature  of  mining  and  mineralogy.  Voigl 
published  a  magazine  on  mineralogy  and  mining  interests  (Weimar,  1789- 
91).  A  number  of  important  papers  on  geology,  mineralogy,  and  mining 
are  contained  in  C.  E.  von  Moll's  Jahrbiicher  der  Bergund  Hullenktinde 
(Salzburg,  1797-1801),  a  series  which  continued  to  be  published  until  1S62. 
K.  C.  Leonhard's  Pocket-book  ( Taschcnbuch)  for  Jilinera/oijy  was  founded 
in  1S07,  and  soon  took  the  first  rank  among  the  German  journals,  which 
it  has  continued  to  retain  to  the  present  day,  its  title  having  been  changed 
in  1830  to  Jahrbtich  fiir  Mitteralo^ie^  Gcohs^ie,  und  rclrefahtenkiDidc 
(Palaeontology).  Ballenstedt's  Archiv  fiir  d  c  neiusten  Entdcckuni^en 
in  der  Urwelt  (Quedlinburg  and  Leipzig,  1809-24,  6  vols.)  were 
chiefly  devoted  to  the  occurrence  of  human  remains,  dduvial  animals,  and 
other  fossils,  likewise  to  questions  of  a  theoretical  nature.  In  France,  the 
Journal des  Mines  (Paris,  1795- i8l 5)  corresponds  to  these  German  publica- 
tions. From  the  year  1816,  this  magazine  received  the  title  Annates  dcs 
Mines,  which  it  still  bears.  T\\Q/ourna/ de  Physiijue,  published  by  U<  zier 
and  De  la  Melherie,  contains  a  numl)er  of  theoretical  papers  by  De  Luc 
and  De  la  Metherie,  and  also  imix)rlant  petrographical  communications  by 
Doloraieu,  Cordier,  and  others.  In  England,  the  Geological  Society  of 
London  was  founded  in  1807,  and  geological  and  pahuontological  papers 
were  afterwards  published  in  the  Transact  ions,  later  in  the  Proceed!  ni^s 
and  Quarterly  Journal  (^f  this  Society;  previously  contributions  in  these 
branches  of  science  had  been  published  chiefly  in  the  Transactions  of 
the  Royal  Societies  of  London  and  Edinburgh.  In  the  other  European 
States,  scientific  Societies  and  Academies  were  zealous  in  the  publication 
of  special  papers  on  geological  and  pala?onlological  subjecls. 
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composed  of  the  crystalline  massive  rocks,  on  either  side  a 
succession  of  uptilted  and  upheaved  strata  covered  in  their 
turn  by  younger,  slightly  tilted,  or  horizontal  deposits 
composing  the  neighbouring  plains.  Michell,  however,  did 
not  draw  any  general  conclusions.  Pallas  was  enabled  from 
his  wide  experience  to  fill  in  the  details  of  Michell's  skeleton 
plan  of  a  mountain-system. 

According  to  Pallas,  granite  forms  the  core  of  all  great 
mountain-systems.  It  is  covered  by  unfossiliferous  schistose 
rocks  of  various  kinds,  serpentine,  porphyry,  etc.  These  rest 
against  the  granite  in  highly-tilted  or  vertical  positions,  and 
are  themselves  succeeded  by  argillaceous  schists  and  shales, 
and  by  thick  masses  of  limestone  containing  marine  fossils. 
The  shales  and  limestones  have  highly-tilted  positions  where 
they  occur  in  the  inner  parts  of  a  mountain-system,  but 
become  less  tilted  and  horizontal  in  the  outer  portions,  the 
number  and  variety  of  the  fossils  at  the  same  time  increasing. 
The  low  hills  arid  plains  are  composed  either  of  sandstone,  marls, 
and  red  clay  with  stems  of  trees  and  twigs  of  land  plants,  or 
of  loose  material,  with  the  bones  of  large  land  mammals. 
Pallas  examined  the  mammalian  remains  with  great  care. 
He  proved  the  astonishing  frequency  in  the  occurrence  of 
mammoth,  rhinoceros,  and  bison  in  the  Siberian  plains,  and 
described  a  rhinoceros  corpse  with  hide  and  hair  complete, 
imbedded  in  the  sand  and  pebbles  on  the  bank  of  the  Willui 
river.  He  also  stated  that  great  accumulations  of  sand 
and  sulphur  occur  in  the  schistose  zone  of  rocks,  and  that 
the  decomposition  of  those  materials  gives  origin  to  volcanic 
disturbances,  which  however  affect  only  the  rocks  above  the 
schistose  zone  and  the  granite. 

The  primeval  ocean  of  the  globe,  in  his  opinion,  never  stood 
more  than  loo  fathoms  above  the  present  sea-level,  so  that 
the  granite  core  of  the  mountain-chains  could  not  have  been 
covered  by  it.  All  mountain-ranges  composed  of  schists,  lime- 
stone, and  younger  formations,  or,  as  Pallas  called  them,  the 
mountains  of  the  second  and  third  order,  owed  their  upheaval 
to  volcanic  force.  The  schist  mountains  had  originated  before 
the  creation  of  living  creatures;  then  the  limestone  ranges 
rose  above  the  primeval  ocean,  and  some  of  these,  such  as  the 
Alps,  in  relatively  recent  periods.  The  mountains  of  the  third 
order  were  due  to  the  last  volcanic  eruptions.  The  upheaval 
of  mountain-chains  was  always  accompanied  by  violent  ^roviud- 
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tremors  and  by  other  disturbances  of  the  earth's  surface. 
Great  cavities  formed  in  the  earth's  crust  and  filled  with 
sea-water;  or,  sometimes,  portions  of  the  continents  were 
devastated  by  floods.  In  illustration  of  this,  Pallas  said  that 
at  the  outbreak  of  volcanic  action  in  the  Indian  Ocean  and 
South  Seas,  ^^  which  two  seas  seem  to  occupy  a  position  cibove 
one  common  volcanic  arc,**  the  waters  of  the  Equator  were 
forced  towards  the  Poles,  and  carried  northward  from  India 
the  plants  and  animals  that  now  lie  buried  in  the  loose  gravels 
of  the  Siberian  plains.  This  was  the  explanation  he  gave 
of  the  occurrence  in  such  remarkable  number  of  bones  of 
mammoths,  rhinoceroses,  and  buffaloes  in  Siberia. 

Although  this  explanation  and  many  of  his  opinions 
about  volcanoes  were  erroneous,  there  can  be  no 
doubt  that  Pallas  was  an  accurate  observer,  and  that  his 
broadly  conceived  delineation  of  the  surface  conformation, 
general  sculpture,  and  physical  characters  of  a  huge  and 
hitherto  untravelled  territory,  conferred  an  inestimable  boon 
on  the  struggling  natural  sciences.  The  works  of  Pallas  have 
been  the  basis  of  all  later  geological  investigations  in  eastern 
and  southern  Russia,  in  the  Ural  and  Altai*  mountains,  and  in 
Siberia. 

A  life-long  student  of  the  French-Swiss  Alps,  Horace 
Benedicte  de  Saussure  must  always  be  given  the  place  of 
honour  amongst  the  early  founders  of  the  science  of  the 
mountains.  Born  in  Geneva  in  1740,  the  scion  of  a  noble 
and  rich  patrician  family  which  had  already  won  high 
scientific  repute  in  the  previous  century,  De  Saussure  en- 
joyed in  his  early  years  and  education  every  advantage  of 
wealth,  culture,  and  influence.  As  a  boy-  he  rambled  in 
the  country  around  Geneva,  diligently  collecting  plants  and 
minerals.  But  the  mountains  near  Geneva  failed  to 
satisfy  the  enterprise  of  the  youthful  student.  At  the  age 
of  twenty  he  made  his  first  walking  tour  to  Chamonix,  and 
from  that  time  resolved  to  devote  his  life  to  the  study  of  the 
Western  Alps.  Two  years  later  he  was  appointed  Professor  of 
Philosophy  at  the  Academy  of  Geneva. 

In  1787,  at  the  head  of  a  well-equipped  party,  he  carried  out 
the  first  ascent  of  Mont  Blanc.  In  the  following  year  he 
spent  eighteen  days  in  the  Col  du  Geant,  at  a  height  of  over 
10,000  feet;  and  between  1789  and  1792,  he  cHmbed  the 
-•n^mits  of  Monte  Rosa,  the  Breithorn  and  Rothhorn.     In 


INTRODUCTION.  53 

i>94  a  stroke  of  paralysis  put  an  end  to  his  mountaineering 
activity,  and  in  1799  he  died. 

Saussure's  glowing  descriptions  of  the  Alpine  world  removed 
the  prejudice  against  the  "  Montagnes  Maudits,"  and  awakened 
a  feeling  of  enthusiasm  for  the  infinite  wonderland  of  beauty 
and  delight  in  the  higher  altitudes  of  the  Alps.  Apart  from 
his  achievements  in  science,  De  Saussure  may  be  regarded  as 
the  pioneer  of  a  practically  new  cult  in  human  enjoyment,  the 
love  of  mountain<limbing. 

His  great  work,  Voyage  dans  ks  Alpes^  is  a  model  of  clear 
language,  exact  observation,  absence  of  bias,  and  cautious 
reserve  in  forming  general  conclusions.  His  style  is  simple, 
concise,  without  rhetorical  efforts,  yet  by  no  means  devoid  of 
elegance.  At  the  outset  De  Saussure  laid  down  the  principle 
that  we  need  not  expect  to  advance  our  knowledge  of  the 
earth's  past  by  a  study  of  flat  plains ;  that  only  by  solving  the 
problems  presented  to  our  view  in  mountain-systems  can  we 
hope  to  gain  insight  into  the  series  of  biological  and  geological 
events  in  the  history  of  our  world.  His  chief  concern  was  to 
observe  accurately ;  he  placed  little  importance  on  theoretical 
speculations. 

The  descriptions  of  his  journeys  start  with  the  environment 
of  Geneva, — with  Mont  Sal^ve,  the  Rhone  Valley,  and  the 
south-west  Jura, — continue  into  the  Dauphine,  across  the 
Tarentaise  and  Maurienne  group,  the  Mont  Cenis  Massive, 
the  Ligurian  Alps,  and  embrace  the  Provence  and  the  Rhone 
Valley.  The  district  examined  in  greatest  scientific  detail  was 
that  of  Mont  Blanc  and  the  Valais  group ;  but  he  also  travelled 
through  the  St.  Bernard  group,  the  Berne  and  Gotthard  Alps, 
and  the  neighbourhood  of  Lake  Lucerne.  Everywhere  he 
observed  and  noted  the  local  varieties  of  rock  and  the 
occurrences  of  minerals  and  fossils.  He  also  entered  the 
strike  and  dip  of  the  strata  upon  topographical  maps,  although 
he  made  no  attempt  at  geological  maps  and  sections. 

In  his  views  on  mountains  tructure,  De  Saussure  followed 
Pallas.  He  showed  that  in  the  Western  Alps,  as  in  the  Ural 
mountains,  a  central  core  of  granite,  gneiss,  and  other  primitive 
rocks,  was  succeeded  by  stratified  but  unfossiliferous  shales 
and  schists  of  different  kinds.  The  schistose  rocks  were  most 
steeply  tilted  in  the  Central  Alps,  where  they  came  into 
jjroximity  with  the  primitive  rocks,  while  towards  the  outer 
Alps  the  secondary  rocks  (limestone,  sandstone,  conglomerates) 
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ft)ll(jwed  in  less  tilted  positions.  More  striking  than  this  scheme 
of  Alpine  structure  is  De  Saussure's  admirable  description  of 
the  tan-shaped  arrangement  of  the  schists  in  the  Central  Alps 
of  western  Switzerland,  and  his  proof  that  the  longitudinal 
valleys  and  the  chains  of  secondary  rock  follow  the  strike  of 
the  strata  and  the  continuation  of  the  main  ridge,  remaining 
parallel  with  the  leading  or  central  chain.  Saussure  further  set 
unih  the  asymmetry  of  form  presented  by  the  Western  Alps,  in 
K  >|vrt  of  iheir  gradual  descent  to  the  Swiss  plains  on  the  north 
>^K^  ol  the  Alps  and  their  abrupt  descent  on  the  Italian  side. 
lU'  examined  the  mineral  composition  of  the  rocks,  and  the 
a*;itiia:;on.  succession,  and  position  of  the  different  kinds  of 
«.v"'n.  1L'  also  studied  the  topographical,  meteorological,  and 
p'ms-vVi!  relations  in  the  mountains.  A  permanent  addition  to 
5  ix-  '.ui-i  of  p'aysical  geography  was  made  by  his  height  measure- 
»''v-  i:s  lii<  ob>«.Tva:ions  of  electrical  atmospheric  disturbances, 
•  .  x\*  v-, i^vrw::,.':!'?  of  the  snow-line,  rise  of  temperature  in 
■  .'  :vv  -v;  .vn;  i'.i  t'.^.o  depths  of  the  lakes,  his  investiga- 
■  .'  ^  .'    :'.-..'  s-<.  .\:\:  of  t'-.o  distribution  of  plants  at  different 
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strange  that  De  Saussure  should  have  provided  us  with  a 
minute  description  of  the  rounded,  hummocky  terrains  in  the 
Alps,  which  he  termed  "  roches  moutonn^es,"  and  should  even 
have  observed  the  scratches  upon  these  rocks,  and  yet  have 
failed  to  associate  such  phenomena  at  lower  Alpine  levels  with 
anything  that  he  had  observed  in  the  higher  altitudes.  On 
the  other  hand,  realising  as  we  do  to-day  the  extreme  com- 
plexity of  Alpine  stratigraphy,  it  is  readily  comprehensible  why 
in  spite  of  the  extraordinary  number  of  his  observations,  De 
Saussure  could  not  construct  from  them  any  definite  chrono- 
logical succession  of  the  rock-strata  in  the  Alps.  He  certainly 
differentiated  the  secondary  Alpine  rocks  from  the  primitive 
crystalline  masses  in  the  central  chain,  and  distinguished  the 
deposits  in  the  plain  of  Piedmont  as  Tertiary. 

In  his  conceptions  of  the  origin  of  granite,  schists,  and 
igneous  dykes  De  Saussure  followed  Neptunistic  doctrines. 
Finally,  after  much  hesitation,  he  allowed  that  the  sedimentary- 
series  had  been  deposited  horizontally  and  only  subsequently 
elevated  and  tilted,  but  he  would  not  agree  to  the  Volcanistic 
teaching  that  volcanic  force  had  upheaved  the  rocks.  Looking 
back  on  De  Saussure's  geological  writings,  it  might  seem  that 
from  their  lack  of  broad  generalisations  they  had  failed  to 
exert  a  direct  influence  upon  the  progress  of  Alpine  geology. 
Yet  their  faithful  observations  have  made  them  reliable  books 
of  reference  for  all  Swiss  geologists  to  the  present  day.  De 
Saussure's  love  of  truth  and  his  passion  for  nature,  combined 
with  the  extreme  modesty  of  his  attitude  towards  the  science 
of  the  mountains,  have  made  him  an  ideal  personality  in  the 
annals  of  Alpine  geology. 

Endless  in  his  energy,  insatiable  in  his  desire  to  accom- 
plish, De  Saussure,  at  the  conclusion  of  his  life's  labours,  writes 
that  he  has  found  nothing  constant  in  the  Alps  except  their 
infinite  variety.  With  a  feeling  of  sadness  he  admits  the 
futility  of  all  his  efforts  to  wrest  the  eternal  truths  of  nature 
from  the  majestic  peaks  of  his  native  land.  Then  it  was  that 
he  wrote  his  charming  book  of  Instructwns  to  Young  Geologists, 
He  impresses  upon  them  above  all  to  keep  their  minds  free 
from  bias  in  favour  of  one  scientific  opinion  or  another,  to 
make  it  their  chief  aim  to  observe  with  the  greatest  deliberation 
and  detail,  to  omit  nothing  as  unimportant,  and  at  the  same 
time  not  to  lose  sight  of  the  possible  value  of  all  facts  in 
establishing  the  fundamental  principles  of  the  science. 
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A,  G,  Werner  and  his  School^  Leopold  von  Buch^  Alexander 
von  Humboldt — Abraham  Gotllob  Werner,^  Professor  in  the 
School  of  Mines  at  Freiberg,  was  the  most  renowned  geologist 
and  mineralogist  of  his  day.  A  born  teacher,  Werner  com- 
bined quickness  of  observation  and  a  marvellous  memory  with 
the  capacity  to  marshal  all  the  facts  that  came  under  his  notice 
into  natural  systematic  order,  and  to  reproduce  them  orally  in 
lucid  language  at  once  striking  and  convincing  to  his  hearers. 
His  first  original  work.  On  the  External  Characters  of  Fossils^ 
placed  him  at  once  in  the  front  rank  of  living  mineralogists. 
His  fame  rose  still  higher  when  he  began  in  1780  to  deliver  a 
course  of  lectures  on  the  science  of  rock-formations,  or,  as  he 
called  it,  "Geognosy."  He  derived  the  fundamental  concejv 
tions  in  his  teaching  of  the  formations  from  the  admirable 
systematic  arrangement  introduced  by  the  Swedish  mineral- 
ogist, Tobern  Bergman.  Werner's  creation  of  the  study  of 
rock-formations  into  an  independent  academical  discipline  was 
far-reaching  in  its  effects.  Thoughts  that  had  been  vaguely 
shaping  themselves  in  the  minds  of  a  few  scientific  thinkers, 
important  contributions  to  knowledge  which  had  been  locked 
up,  except  for  the  very  learned,  in  the  Transactions  of  scientific 
societies,  were  assimilated  and  mastered  by  Werner,  and 
taught  by  him  with  such  precision  and  enlightenment  that 
Freiberg  became  in  a  few  years  the  European  lodestar  for  the 
study  of  mineralogy  and  geognosy. 

The  Professor  never  relaxed  his  reading  and  research;  his 
lectures  were  not  written,  and  they  were  fresh  every  year.  Kept 
in  touch  as  he  was  with  all  the  great  academies  and  universities 
by  the  floating  body  of  students  whom  his  teaching  attracted, 

^  Abraham  Goiilob  Werner  was  born  on  the  25lh  September  1749 
(according  to  Frisch,  1750),  at  Wchrau  in  Saxony.  lie  belonged  to  a 
funiily  which  had  l)ecn  .iclivcly  engaged  in  the  mining  industry  ior  three 
hundred  years.  Ills  father,  who  was  overseer  of  a  foundry  for  hammered 
iron  work,  taught  him  in  his  l)oyhood  to  recc^nise  nearly  all  the  known 
minerals,  and  after  a  short  jxrriod  of  residence  at  a  school  in  Silesia,  Werner 
returned  to  take  part  in  the  same  foundry  as  his  father.  At  the  age  of 
eighteen  he  visited  Freii)crg  in  the  course  of  a  holiday  tour,  and  the  sight 
of  the  collections  and  mining  schools  there  roused  in  him  an  cnthusixistic 
desire  to  take  up  the  study  of  minerals  and  mining  as  a  career.  lie  studied 
at  Freiberg  and  Ix.*ipzig,  and  in  1774  jmblished  his  first  paper  on  "The 
External  Characteristic  Features  of  Fossils."  In  1 775  Werner  was  ap- 
|)ointed  Inspector  of  Collections  an<l  teacher  in  the  School  of  Mines  at 
Freil>erg.  This  post  he  held  for  more  than  forty  years,  and  died  unmarried 
in  1S17. 
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Werner  knew  the  best  of  the  new  work  that  was  being  done 
elsewhere.  From  all  parts  of  Europe  students  came,  and, 
when  they  returned  to  their  own  countries,  they  spread  the 
teaching  of  geognosy  and  mineralogy  as  Werner  had  taught  it 
to  them.  It  was  the  spoken  word  of  Werner  that  carried.  Of 
written  words  no  man  of  genius  could  have  been  more  chary. 
His  dislike  of  writing  increased  as  he  grew  older,  till  he 
could  scarcely  bring  himself  to  reply  to  the  most  important 
letters.  Cuvier  relates  that  the  letter  which  announced  to 
Werner  that  he  had  been  elected  a  Foreign  Member  of  the 
French  Academy  was  left  unopened  by  the  Professor  and  was 
never  answered. 

With  the  exception  of  a  number  of  mineralogical  papers,  and 
a  short  classification  and  description  of  the  different  rock- 
formations,  Werner  published  only  a  single  work  on  the  origin 
of  dykes,  and  a  series  of  very  short  articles  on  basalt,  trap- 
rock,  and  the  origin  of  volcanoes.  He  never  published  his 
academical  courses  of  lectures ;  for  an  account  of  these  we 
have  to  turn  to  notes  published  by  his  students,  sometimes  in 
abridged  and  sometimes  in  extended  form.  Werner  had,  how- 
ever, more  than  once  to  disown  these  published  notes,  as  they 
failed  to  represent  the  true  sense  of  his  lectures. 

The  most  trustworthy  reports  of  Werner's  **  geognosy  "  arc 
probably  those  written  by  Franz  Ambros  Reuss  in  the  third 
part  of  his  text-book  (l^ipzig,  1801-3);  by  D'Aubisson  de 
Voisins  in  his  Trait'e  de  Ghgnosie  {^\x2i^\mx%  and  Paris,  18 19); 
and  by  Jameson  in  the  Elements  of  Geognosy  (Edinburgh,  1808). 
Werner  himself  published  only  one  lecture — *' Introductory  to 
( icognosy  " — delivered  at  Dresden. 

Werner  defined  "Geognosy"  as  the  "Science  which  inquires 
into  the  constitution  of  the  terrestrial  body,  the  disposition  of 
fossils  {i.e.  minerals,  cf.  p.  15)  in  the  different  rock  layers,  and 
the  correlation  of  the  minerals  one  to  another."  In  his 
lectures,  he  began  with  a  short  epitome  of  mathematical  and 
physical  geography,  and  with  a  discussion  of  the  natural 
agencies  which  alter  the  conformation  of  the  globe. 

Proceeding  to  the  consideration  of  the  earth's  crust,  Werner 
described  all  the  varieties  of  rock  and  entered  in  detail  into 
their  structure,  their  position,  their  chronological  succession, 
and  llieir  technical  value  as  rich  or  poor  metalliferous  layers. 
Certain  varieties  of  rock  (shale,  limestone,  trap-rock,  porphyry, 
coal,  talc,  and  gypsum)  were  thought  by  Werner  to  have  been 
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rt\-T:n«n:  p-oups  in  ibe  rcxik'Snccession,  and  he  treated  them 
as  **5:i:::e5 '  or  series^  chaiactensDc  of  each  successive  epoch 
:n  ihe  eanh's  hisiaiT-  Laigelj  following  the  precedent  of 
BTfTcaum.  wb^*^  had  disnn£:ni&h«i  four  piindpal  rock-formations, 
Wrrr»eT  ereried  Dve  scKaUed  formation-suites  in  his  chrono- 
l^xici]  scheme  of  ihe  rocks : — 

5.  JV.:2c£r  rA.'^cx.  s-jlv-drrided  into  true  volcanic  (lava, 
vcOca:::ic  scorue  aad  ashes,  pepperino,  tuff)  and  pseudo- 
vojcinic  rocks  ^hnnal  day,  jasper,  polishing-stone,  slag). 

4  T':^  rr-:;.xsprr:rJ  /r  drrrz^'z^  rvcis  with  the  formations 

n2^tlf  je.  5cr>«l  c^laj.  pebbles,  calcareous  tufa,    bitu- 
n:::^:vj$  wo."^i  soapsrone,  aluminous  earth,  etc. 

5  rif  F.Vr:  r.vks  widi  the  fonnations  old  sandstone,  coal, 

i'ld  Fi<K:  i-.s^esoDe,  the  ore-bearing  or  "Zechstein" 

rcvkj;.  b::um::>o:2$  lipii:e«  Muschelkalk,  freestone  and 

chilk,  bvisolu  phch-ccoj,  brown-coal,  etc. 

2.   T\i  tr-j'cs:'::\-Kj:S  n\'ts  wiih   the  formations    clay-slate, 

cn~>:aV.::^e   schis:,   grersracke,   transitional   greenstone, 

i:v:»>ur.^  ar.i  :hc  f.r?;  orA;".r.:c  rtmainsL 

1     F'zf  rr.'''-:::rr'f  '^.xis  w;:h  the  fonr.ations  granite,  gneiss, 

r:!vu  >.h:>:,  slaie,  :^r::r.i::ve  cretr-sione  and  limestone, 

.jUr.r:j::o.     h."rr.b*;;nie    schist,    porphyrj-,     serpentine, 

c::lor::e  a::d   u'.o   schis:,  primitive  g}-psum,  etc.     No 

or^.inic  i\^s>.I  reaia:::>. 

Accoriiin*:  to  Werner,  the  primitive  rocks  originated  during 

th-j  first  chav>:ic  jvriod  of  the  earth  Ixjfore  the  existence  of 

'.T^anic  crea:urc2s  by  chemical  cn^stailisation  of  rock-material 

frurn  an  a  ^ueous  solution.     In  the  tri7Ksi::o/ia/  period,  the  slates 

and  shales  were  helJ  to  re^resen:  chemical  precipitates;  the 

greywackes  to  have  been  mechanical  deposits.     During  the 

accumulation   of    the    KJfz    scries    periods    of   disturbance 

alternate  J    with    periods    of    i;u  et    dc^H^sition  ;    the    waters 

frc';uentiy  receded  from  land  areas,  and  again  inundated  the 

yo:jrj^  continents.     These  vaning  conditions  continued  during 

liiL-  succeedin;;  epoch  of  active  transportation,  and  finally  gave 

i>!a«  'J  to  an  epoch  of  violent  volcanic  outbreaks,  the  immediate 

« a  use  of  which  Werner  beHeved  to  l>o  the  ignition  of  deposits 

of  coal  in  the  earth's  crust. 

\V'.rn^r*s  practical  knowledge  of  mininLi  methods  sen*ed  him 
i;i  ^ood  stead  when  he  came  to  study  the  strike  and  dip  and 
r  Native  {losition  of  the  rocks  from  a  scientific  point  of  view. 
Hid  apphcation  of  more  exact  methods  in  taking  field  obsen*a- 
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tions,  and  his  introduction  of  a  number  of  new  and  precise 
terms  for  stratigraphical  purposes,  marked  an  advance  in  the 
study  of  the  earth's  crust  scarcely  less  important  than  his 
masterly  classification  of  the  rocks  according  to  their  mineral 
constitution. 

Unfortunately,  Werner's  field  observations  were  limited  to  a 
small  district,  the  Erz  mountains  and  the  neighbouring  parts 
of  Saxony  and  Bohemia.  And  his  chronological  scheme  of 
formations  was  founded  upon  the  mode  of  occurrence  of  the 
rocks  within  these  narrow  confines.  To  him  in  that  rich 
mining  district  the  minerals  seemed  all-important,  and  the 
occurrence  of  organic  remains  fell  into  insignificance.  Again, 
he  held  strong  convictions  that  the  ores  present  in  veins  and 
layers  had  separated  out  from  supersaturated  aqueous  solutions 
of  the  metals,  and  he  sought  to  explain  in  a  similar  way  the 
origin  of  the  massive  granitic  and  schistose  kinds  of  rock. 
The  Wemerian  doctrine  was  all  the  more  attractive  as  it 
seemed  so  simple.  It  taught  that  all  the  rocks  of  the  crust, 
like  the  earth's  body  itself,  had  taken  origin  from  aqueous 
solutions,  either  as  chemical  or  as  mechanical  precipitates, 
while  volcanic  lavas  and  scoriae  represented  rock-material  that 
had  been  so  precipitated  but  had  subsequently  been  melted 
and  ejected. 

Werner  was  equally  narrow  in  his  ideas  about  the  strati- 
graphical  relationships  of  the  rocks.  As  a  fundamental 
principle  he  held  that  all  varieties  of  rock  had  been  deposited 
in  the  same  horizontal  or  tilted  positions  as  they  now  occupy. 
But  strata  inclined  at  an  angle  of  more  than  30'  owed  their 
high  inclination  to  local  disturbances,  such  as  the  collapse  of 
crust-cavities,  landslips,  etc.  These  local  inthrows  and  slips 
exerted  little  influence  upon  the  connection  of  the  strata  as  a 
whole ;  rather,  the  successive  deposits  enveloped  the  earth 
with  the  uniformity  of  the  integuments  of  an  onion. 

Werner  gave  little  credence  to  the  opinions  of  Pallas  and 
Saussure  regarding  the  elevation  of  wide  continental  territories 
and  the  upheaval  of  mountain-chains.  Like  De  Maillet  and 
Bufibn,  he  ascribed  the  inequalities  of  surface  conformation 
exclusively  to  the  erosive  agency  of  water,  more  especially  to 
the  strong  currents  created  during  the  retreat  of  sea-water  after 
its  periodic  inundations  of  the  land. 

Similarly,  with  regard  to  the  origin  of  basalt,  he  came  into 
conflict  with  the  results  obtained  by  the  leading  authoriiies  on 
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volcanic  rocks  in  his  time — Desmarest,  Raspe,  Arduino,  and 
Faujas  de  Saint-Fond.  Werner  had  at  first  included  basalt 
among  the  rocks  of  highest  antiquity;  subsequently  he  re- 
moved it  to  the  Flotz  formation.  In  1788,  after  a  visit  to 
the  Scheibenberg,  a  basaltic  summit  in  the  £rz  mountains,  he 
wrote  a  special  paper  on  basalt,  from  which  the  following 
passage  is  extracted : — 

"  The  basalt  rock  is  separated  by  several  beds  of  sandstone, 
clay,  and  greywacke  from  the  basal  gneiss.  The  transition 
from  one  stratified  bed  to  the  next  in  upward  succession  is 
(juite  gradual.  Even  the  greywacke  merges  gradually  into  the 
clays  below  it  and  the  basalt  above.  Therefore  the  basaltic, 
clayey,  and  sandy  rocks  all  belong  to  one  formation,  have 
all  taken  origin  as  moist  deposits,  precipitated  during  one 
particular  epoch  of  submergence  in  this  district. 

'*AI1  basalt  was  formed  as  an  aqueous  deposit  in  a  com- 
paratively recent  formation.  All  basalt  originally  belonged  to 
one  widely  extended  and  very  thick  layer,  which  has  since 
been  for  the  most  part  disturbed,  only  fragments  of  the  original 
layer  being  left." 

Voigt,  who  had  been  a  scholar  of  Werner,  opposed  this  so- 
called  "  new  discovery,"  and  said  that  the  Scheibenberg  basalt 
was  of  volcanic  and  not  aqueous  origin,  that  it  represented 
an  old  lava  which  had  flowed  over  a  sandy  substratum.  A 
lengthy  controversy  ensued,  in  the  course  of  which  Werner 
wrote  his  paper  tracing  volcanic  activity  to  the  burning  of 
coal  in  the  earth's  crust.  He  argued  that  during  volcanic 
action  basaltic  deposits  might  be  converted  into  lava,  if  it  so 
happened  that  the  coal-beds  were  subjacent  to  the  basaltic 
bods  in  the  crust.  The  controversy  between  Neptunists  and 
Volcanists  waged  for  many  years  in  Germany,  and  much  labour 
and  time  were  lost  in  the  discussion  of  difficulties  which  had 
already  been  solved  in  other  European  countries. 

The  A1t7V  Theory  of  the  Origin  of  Mineral  Veins  was 
Werner's  last  contribution  to  science.  His  theory  was  that 
surface-water  descends  through  crust-fissures ;  vein-stuff  is 
precipitated  from  the  water,  and  gradually  fills  up  the  fissures. 
Although  this  theory  is  no  longer  accepted  for  the  majority 
of  ore-deposits,  Werner's  work  proved  of  the  highest  value 
in  mineralogical  science,  since  it  contained  a  large  store  of 
accurate  information  about  mineral  veins,  and  suggested  new 
methods  of  determining  the  relative  age  of  vein-deposits. 


INTRODUCTION.  6l 

So  strong  was  the  personal  influence  of  Werner,  that  the 
Neptunian  doctrines  which  he  inculcated  continued  to  hold 
their  place  for  several  decades — until,  in  fact,  three  of  the 
greatest  of  his  scholars,  D'Aubisson  de  Voisins,  Leopold 
von  Buch,  and  Alexander  von  Humboldt,  stepped  into  the 
ranks  of  the  opponents  of  Neptunism. 

Leopold  von  Buch  was  the  most  illustrious  of  the  geologists 
taught  by  Werner.  The  later  writings  of  Leopold  von  Buch, 
published  between  1820  and  i860,  are  those  on  which  his 
fame  chiefly  rests;  but  from  the  year  1796  he  was  actively 
engaged  in  travel  and  research,  and  his  earlier  writings  con- 
tributed in  a  great  degree  to  establish  the  science  of  geology. 

Leopold  von  Buch  was  born  on  the  26th  April  1774,  at  the 
Castle  of  Stolpe  in  Pomerania,  the  son  of  a  nobleman  with 
considerable  property.  While  still  a  boy  he  displayed  a  passion- 
ate love  of  scientific  inquiry,  and  his  fondness  for  chemical 
and  physical  mineralogical  studies  led  him  to  select  the  Mining 
Academy  of  Freiberg  for  his  collegiate  course.  While  there, 
Alexander  von  Humboldt  and  Freiesleben  were  among  his  fellow- 
students,  and  with  them  he  formed  close  ties  of  friendship. 
He  made  his  home  for  nearly  three  years  (1790-93)  with 
Professor  Werner,  for  whom  he  entertained  the  deepest  senti- 
ments of  reverence  and  friendship;  and  these  were  in  no 
way  altered  when,  in  after  years,  some  of  his  opinions  began 
to  diverge  from  the  teaching  of  Werner. 

Von  Buch  made  several  excursions  during  his  student  days 
into  the  Erz  mountains  and  Bohemia,  and  published  a  paper 
on  the  neighbourhood  of  Karlsbad.  From  1793  to  1796  he 
studied  in  Halle  and  Gottingen,  and  became  acquainted  with 
Harz,  Thuringia,  and  the  Fichtel  mountains.  In  1796  he 
accepted  office  in  the  Mining  Department  of  Silesia,  but 
resigned  in  1797,  in  order  to  devote  his  entire  time  and  energy 
to  travel  and  research.  His  stay  in  Silesia  resulted  in  the 
publication  of  an  important  treatise  on  the  mineralogy  of  the 
neighbourhood  of  Landeck,  and  an  attempt  at  a  geognostic 
description  of  Silesia.  He  spent  the  winter  of  1 797  in  Salzburg, 
to<4ether  with  his  friend  Alexander  von  Humboldt,  and  in  the 
following  spring  set  out  on  his  first  journey  through  the  Alps 
to  Italy.  He  visited  the  Euganean  Isles  and  the  district  of 
Vicenza,  and  stayed  for  some  time  at  Rome,  making  frequent 
excursions  into  the  Albanian  mountains.  He  then  spent 
five  months  at  Naples,  and  devoted  a  large  part  o(  Vm  \.\u\^ 
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to  Vesuvius.  Although  during  these  travels  he  began  to 
entertain  serious  doubts  about  the  correctness  of  Werner's 
theory  of  the  origin  of  basalt,  he  could  not  convince  himself 
that  it  was  untenable. 

Aftec  a  visit  to  Paris,  Von  Buch  returned  to  Berlin  in  1799, 
and  was  there  commissioned  to  investigate  the  occurrence  of 
mineral  contents  in  Canton  Neuchitel,  which  at  that  time  was 
under  Prussian  government.  Neuchdtel,  from  which  ready 
access  was  afforded  into  the  Jura  mountains  and  into  the  Al{)s, 
now  became  his  headquarters.  Every  observation  was  care- 
fully entered  in  his  maps,  and  a  number  of  scientific  papers 
flowed  from  his  ready  and  graceful  pen. 

A  visit  to  Auvergne  in  1802,  and  a  study  of  the  basalt  and 
trachyte  in  that  area,  still  further  shattered  Von  Buch's  faith  in 
Neptunian  doctrines.  In  1805  he  was  again  at  Naples,  and  in 
the  company  of  Alexander  von  Humboldt  and  Gay  Lussac  he 
had  the  good  fortune  to  witness  Vesuvius  in  active  eruption. 

Having  explored  the  most  interesting  parts  in  Southern 
Europe,  Von  Buch  then  travelled  for  two  years,  1806-8,  in 
Scandinavia  and  Lapland.  The  published  account  of  his 
travels,  Through  Nonvay  and  Lapland^  established  his  fame 
as  a  gifted  writer  and  an  acute  observer.  Little  had  hitherto 
been  known  about  the  climatology  and  geology  of  these  high 
European  latitudes,  and  Von  Buch  contributed  data  of  far- 
reaching  significance.  For  example,  he  pointed  out  that 
although  the  rocks  in  these  regions  follow  the  same  general 
scheme  of  succession  as  Werner  had  drawn  up,  the  granite 
could  by  no  means  be  regarded  as  the  oldest  rock-formation, 
since  he  had  observed  it  near  Christiania  in  a  position  above 
the  Transitional  Limestone.  Again,  he  showed  on  mineral- 
ogical  evidence  that  many  of  the  erratic  blocks  scattered  over 
the  North  German  plains  must  have  come  from  Scandinavia. 

Von  Buch  also  examined  the  raised  beaches  and  terraces  of 
Scandinavia,  and  came  to  the  conclusion  that  the  Swedish 
coast  was  slowly  rising  above  the  level  of  the  sea.  In  this  he 
agreed  with  the  opinion  that  had  been  formed  by  Play  fair  with 
regard  to  the  raised  beaches  of  Scotland.  On  the  other  hand, 
Linnaeus  and  Celsius  had  attributed  the  fluctuations  on  the 
Scandinavian  coasts  to  a  sinking  of  the  water-level  round  the 
shores. 

In  1809  Von  Buch  was  chiefly  engaged  in   mineralogical 
and  geologica]   researches    in   the    Alps.     Meanwhile,   great 
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interest  had  been  roused  throughout  Europe  by  the  results  of 
Von  Humboldt's  brilliant  volcanic  studies  in  Central  and 
South  America,  and  Von  Buch  determined  to  make  a  special 
study  of  some  volcanic  district. 

Accompanied  by  the  English  botanist,  Charles  Smith,  he 
visited  the  Canary  Isles,  and  in  1815  convinced  himself  that 
they  had  been  the  centre  of  intense  volcanic  activity.  In  his 
famous  monograph,  A  Physical  Description  of  the  Canary 
Islands^  published  in  1825,  he  enunciated  his  hypothesis  of 
upheaval  craters,  and  distinguished  between  "centres"  and 
"  bands  "  of  volcanic  action.  In  181 7  he  travelled  to  Scotland 
and  visited  Stafia  and  the  Giant's  Causeway.  When  he  again 
returned  to  the  Alps,  he  renounced  the  Wernerian  doctrines  of 
the  origin  of  basalt  and  other  volcanic  rocks,  and  ascribed  the 
upheaval  of  the  Alps  to  the  intrusion  of  igneous  rocks.  About 
this  time  he  went  to  Fassa  Valley  in  South  Tyrol,  and  there  he 
formed  a  curious  volcanic  theory  in  explanation  of  the  dolo- 
mitisation  of  the  rocks  in  that  district. 

In  1832  Von  Buch  edited  a  geological  map  of  Germany,  and 
this  magnificent  work  had  already  run  through  five  editions  in 
1 843.  The  last  twenty  years  of  his  life  were  for  the  most  part 
devoted  to  palseontological  studies,  and  we  owe  to  this  period 
a  valuable  series  of  papers  on  Cephalopods,  Brachiopods, 
and  Cystoids;  also  a  comprehensive  treatise  on  the  Jurassic 
formation  in  Germany,  which  has  been  the  basis  for  all 
future  work  on  this  subject  Some  part  of  every  year, 
however,  was  spent  by  Von  Buch  in  travelling.  He  often 
went  to  the  Alps,  and  he  regularly  attended  the  Scientific 
Congresses.  Most  of  his  Alpine  journeys  were  accomplished 
on  foot.  Clad  in  short  breeches,  black  stockings,  and  buckled 
shoes,  the  pockets  of  his  black  coat  stuffed  with  note-books, 
maps,  and  geological  tools,  his  tall,  imposing  figure  was  bound 
to  command  attention.  His  travelling  luggage  was  limited  to 
a  fresh  shirt  and  a  pair  of  silk  stockings.  His  physical  en- 
durance was  only  surpassed  by  his  iron  determination,  which 
could  overcome  all  difficulties  and  discomforts.  Socially,  he 
was  everywhere  beloved ;  his  aristocratic  bearing,  his  mastery 
of  foreign  languages,  his  wide  knowledge  of  science  and 
literature, — all  combined  to  make  him  one  of  the  most  agree- 
able companions.  His  independent  means  placed  him  in  a 
Ix)sition  of  unusual  influence.  On  the  one  side  he  enjoyed 
the  friendship  and  intimacy  of  his  scientific  coUea%\i^s^  ^ivd  otv 
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the  other  he  moved  in  the  first  social  circle  in  Berlin.  Men 
still  live  who  can  bear  enthusiastic  personal  testimony  to  the 
noble  way  in  which  Von  Buch  exerted  this  influence  for  the 
benefit  of  science.  After  a  short  illness,  he  died  in  Berlin  on 
the  4th  March,  1852. 

I^opold  von  Buch  was  rightly  regarded  as  the  greatest 
geologist  of  his  time.  He  had  studied  in  every  domain  of 
geology;  he  was  familiar  with  a  large  part  of  Europe.  Wher- 
ever he  went,  he  willingly  and  freely  communicated  his  own 
knowledge  to  others,  and  ever  rejoiced  to  be  able  to  assist  by 
his  money  or  his  influence  any  one  in  whom  he  detected  a 
true  devotion  to  science.  At  the  same  time  he  had  little 
patience  with  men  of  mediocre  ability,  and  was  very  severe 
towards  importunity  of  any  kind.  His  ridicule  was  feared  as 
much  as  his  praise  was  valued.  He  was  an  acute  thinker  and 
wonderful  observer,  and  possessed  in  a  high  degree  the  rare 
gift  of  clear  and  elegant  exposition. 

A  complete  edition  of  his  works  was  published  after  his 
death  at  Berlin  (1867-77). 

■^  Alexander  von  Humboldt,  the  friend  and  fellow-student  of 
Von  Buch,  although  less  illustrious  as  a  geologist,  had  a  more 
versatile  and  philosophical  turn  of  mind.  Like  Von  Buch, 
Humboldt  belonged  to  an  old  aristocratic  family.  He  was 
born  in  Berlin  in  1 769,  studied  at  first  in  Gottingen,  afterwards 
in  1791-92  with  Werner  at  Freiberg.  On  the  completion  of 
his  studies  he  was  made  Director  of  Mines,  and  moved  from 
Bayreuth  and  Ansbarh  to  Steben  in  the  Fichtel  mountains. 
Several  papers  written  by  him  during  this  period  on  "The 
Magnetic  Properties  of  Serpentine  and  other  Rocks,"  attracted 
the  attention  of  mineralogists.  In  1793  he  visited  the  salt 
mines  in  the  Salzkammergut  and  Galicia,  but  in  1796  he 
resigned  his  Government  appointment,  to  follow  out  inde- 
pendent lines  of  research.  During  the  winter  of  1797-98,  when 
he  and  Von  Buch  lived  together  in  Salzburg,  he  made  a  scries 
of  observations  on  meteorology  and  earth  magnetism,  and 
took  barometric  and  trigonouKtric  meas'irements  of  height. 

In  a  treatise  published  in  1799,  Von  Humboldt  endeavoured 
to  explain  the  tropical  climate  of  earlier  geological  periods  by 
a  combination  of  the  I^iplace  theory  of  heat  with  Werner's 
views  regarding  the  precipitation  of  the  primitive  rock 
materials  from  aqueous  solutions.  And  although  his  treatise 
is  almost  forgoiten  in  science,  it  contains  a  number  of  sug- 
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gestive  ideas  which  were  not  without  their  influence  in  directing 
subsequent  investigation  to  the  causes  of  great  climatological 
variations. 

Humboldt,  who  was  in  possession  of  large  private  means, 
now  began  to  make  arrangements  for  a  few  years  of  travel  on  a 
large  scale,  and  went  in  May  1798  to  Paris.  In  June  1799, 
accompanied  by  the  botanist  Aim^  Bonpland,  he  set  out  for 
Central  and  South  America. 

The  expedition  was  undertaken  primarily  to  obtain  more 
knowledge  of  the  physical  geography  and  botany  of  tropical 
regions,  but  Humboldt  at  the  same  time  devoted  a  large  share 
of  attention  to  the  volcanoes,  earthquakes,  and  geological  struc- 
ture of  the  New  Continent  He  said  that  one  of  the  chief 
motives  of  his  journey  was  to  test  a  hypothesis  which  he  had 
formed — that  the  older  strata  composing  mountain-systems 
had  a  parallel  strike.  It  had  struck  him  during  his  stay  in 
the  Fichtel  mountains  that  the  older  members  in  the  rock- 
succession  showed  always  a  N.E.-S.VV.  strike;  and  he  found 
the  same  general  strike  in  the  Erz  mountains,  the  Salzburg 
Alps,  and  the  "slate"  mountains  of  the  Rhine.  He  had 
therefore  concluded  that  all  the  older  rock-formations  of  the 
earth  strike  in  N.E.-S.W.  direction,  and  cross  the  meridians  at 
a  constant  angle  of  about  52^ 

His  observations  in  Columbia  and  in  the  coastal  ranges  of 
the  Gulf  of  Mexico  led  to  the  same  result,  and  from  this  agree- 
ment he  drew  the  general  principle  that  the  strike  of  the  older 
strata  was  quite  independent  of  the  geographical  trend  of 
mountain-systems,  and  was  regulated  by  a  force  which  took  its 
origin  in  the  original  laws  of  attraction  governing  terrestrial 
matter.  This  principle  has,  however,  proved  quite  untenable, 
and  is  at  the  present  day  completely  forgotten. 

After  a  short  stay  in  Teneriffe,  Humboldt  landed  at  Vene- 
zuela, and  in  November  1799  for  the  first  time  witnessed  an 
earthquake  at  Cumana.  He  made  a  detailed  study  of 
Venezuela,  then  spent  some  time  in  the  Orinoco  district,  and 
was  in  Cuba  from  December  1800  until  March  180 1.  After- 
wards he  proceeded  to  New  Granada,  Peru,  and  Ecuador, 
where  he  remained  until  1803,  then  worked  for  a  year  in 
Central  America.  In  the  summer  of  1804  he  returned  by 
Havana  and  North  America  to  Paris.  There  he  became  at 
once  absorbed  in  physical  and  chemical  studies,  conducted 
along  with  Biot,  Gay  Lussac,  and  Arago,  and  he  also  com- 
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menced  the  publication  of  his  great  work,  Travels  in  the 
Equinoctial  Regions  on  the  New  Continent.  This  work  com- 
prises twenty  volumes;  but  although  there  were  several 
collaborators,  the  work  was  never  quite  completed,  and  the 
expenses  in  connection  with  it  swallowed  up  the  remainder  of 
Von  Humboldt's  means.  In  the  spring  of  1805  he  visited 
Italy,  and  with  his  friends,  Gay  Lussac  and  Leopold  von 
Buch,  saw  an  eruption  of  Vesuvius. 

Humboldt's  best  contributions  to  geology  were  his  investiga- 
tion of  volcanoes  and  earthquakes,  and  the  broad  generalisations 
which  he  drew  regarding  volcanic  action.  He  concluded 
his  description  of  American  volcanoes  with  a  review  of  all 
the  volcanic  phenomena  known  to  have  transpired  on  the 
face  of  the  earth,  and  tried  to  demonstrate,  from  a  large  number 
of  observations,  that  the  subterranean  centres  of  volcanic  action 
are  in  direct  communication  with  one  another.  He  placed 
great  importance  upon  the  connection  of  volcanoes  and  earth- 
quakes on  the  coasts  of  the  Gulf  of  Mexico  and  in  the  Antilles, 
where  subterranean  disturbances  were  felt  almost  simultaneously 
over  a  district  several  thousand  square  miles  in  extent.  Hum- 
boldt's account  of  the  catastrophe  in  the  year  1759,  which  gave 
birth  to  the  Jorulla  and  five  other  mountains,  and  covered  an 
area  of  four  square  miles  with  a  mass  of  lava,  sand,  and  slag 
five  hundred  feet  high,  still  ranks  as  one  of  the  most  note- 
worthy contributions  in  the  whole  literature  of  volcanoes. 

Widespread  interest  in  scientific  circles  was  also  attracted  by 
Humboldt's  demonstration  of  an  eruptive  fissure  one  hundred 
and  fifty  miles  from  east  to  west  across  Central  America,  upon 
which  stand  the  volcanic  cones  of  Tuxtla,  Orizaba,  Puebla, 
Toluca,  Tancitaro,  and  Colima. 

Through  the  generosity  of  the  King  of  Prussia,  Humboldt 
was  enabled  to  devote  his  energies  to  science.  During  nearly 
twenty  years'  residence  in  Paris  (1808-27)  he  published  the 
series  of  papers  which  form  the  groundwork  of  his  Views  of 
Nature^  and  also  a  special  geological  work  entitled  Geognostic 
Essay  on  the  Trend  of  the  Rocks  in  the  Two  Hemispheres  ( Paris, 
1822).  This  work  practically  marked  the  conclusion  of  Hum- 
boldt's literary  activity  in  geology.  Upon  his  return  to  his 
native  city  of  Berlin  in  1827,  Humboldt  embarked  upon  his 
gigantic  plan  of  producing  a  physical  description  of  the  world. 
Twenty  years  passed  before  this  plan  was  realised  and  his 
famous  work.  The  Cosmos^  appeared.     While  the  work  was  in 
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progress  Humboldt  led  an  active  life  in  other  directions.  In 
1827-28  he  gave  lectures  on  geography  in  the  University  and 
the  Singing  Academy.  In  1829,  accompanied  by  Gustav  Rose 
and  Ehrenberg,  he  travelled  through  Asiatic  Russia,  the  Ural 
mountains,  and  Siberia  to  the  Altai  mountains.  The  mineral- 
ogical  and  geological  results  of  this  journey  were  published  in  an 
independent  work  by  Humboldt,  and  in  several  papers  by  Rose. 

Alexander  von  Humboldt  died  at  Berlin  on  the  6th  May 
1859,  in  his  ninetieth  year. 

Although  many  of  the  geological  ideas  of  the  great  German 
scientist  were  not  destined  to  endure,  it  is  impossible  to  over- 
rate the  value  to  geographical  and  geological  science  of  the 
precedents  which  he  created,  and  the  wide  horizons  which  he 
disclosed. 

What  Buffon  and  Cuvier  accomplished  for  France  in  attract- 
ing the  ardent  desires  of  young  adherents  to  the  studies  of 
natural  science,  was  accomplished  for  Germany,  after  the  death 
of  Werner,  by  the  powerful  personalities  of  Leopold  von  Buch 
and  Alexander  von  Humboldt 

It  is  interesting  to  note  that  Germany's  greatest  poet,  Wolf- 
gang von  Goethe,  was  one  of  those  who  came  under  the 
inspiring  influence  of  Werner.  Throughout  his  long  life 
Goethe  never  lost  his  interest  in  mineralogy  and  geognosy. 
He  wrote  several  papers  on  the  more  popular  topics  of 
geognosy,  and  carried  out  some  detailed  researches  in  the 
neighbourhood  of  Karlsbad,  Franzensbad,  and  the  Fichtel 
mountains.  While  he  never  could,  as  a  loyal  pupil  of  Werner, 
look  kindly  upon  the  principles  of  the  Plutonists,  his  critical 
mind  clearly  realised  that  the  theories  of  extreme  Neptunists 
were  untenable.  In  his  Geological  Problems  he  expressed  his 
disappointment  over  the  absurd  contradictions  betrayed  in  the 
opposing  theories,  but  arrived  at  no  personal  decision  in  favour 
of  either  party.  Goethe's  geological  writings  were  without 
significance  in  the  progress  of  the  science. 

Mutton^  Flay/air^  and  Hall. — At  a  time  when  Werner  was 
in  the  zenith  of  his  fame,  during  those  seventies  and  eighties 
of  the  eighteenth  century  when  young  geologists  were  flocking 
to  hear  the  wisdom  from  the  lips  of  the  prophet  of  geognosy  in 
Freiberg,  a  private  gentleman,  living  quietly  in  Edinburgh,  was 
deliberating  and  writing  a  work  on  the  earth's  surface  that  will 
live  for  ever  in  the  annals  of  geology  as  one  of  its  noblest  classics. 
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James  Hutton,  the  author  of  the  famous  Theory  of  the  Earthy 
was  the  son  of  a  merchant,  and  was  born  in  Edinburgh  on 
3rd  June  1726.  He  received  an  excellent  education  at  the 
High  School  and  University  of  his  native  city.  His  strong 
bent  for  chemical  science  induced  him  to  select  medicine  as  a 
profession.  He  studied  at  Edinburgh,  Paris,  and  Leyden,  and 
took  his  degree  at  Leyden  in  1749,  but  on  his  return  to 
Scotland  he  did  not  follow  out  his  profession.  Having  in- 
herited an  estate  in  Berwickshire  from  his  father,  he  went  to 
reside  there,  and  interested  himself  in  agriculture  and  in 
chemical  and  geological  pursuits.  The  success  of  an  industrial 
undertaking  in  which  he  had  a  share  afforded  him  ample 
means,  and  in  1768  he  retired  to  Edinburgh,  where  he  lived 
with  his  three  sisters.  He  actively  engaged  in  scientific  inquiry, 
and  enjoyed  the  cultured  social  intercourse  open  to  him  in 
Edinburgh.  The  literary  fruits  of  his  life  in  the  country 
include  several  papers  on  meteorology  and  agriculture,  and  a 
large  philosophical  work. 

From  his  early  days  he  had  always  taken  a  delight  in  study- 
ing the  surface  forms  and  rocks  of  the  earth's  crust,  and  had 
lost  no  opportunity  of  extending  his  geological  knowledge 
during  frequent  journeys  in  Scotland,  England,  in  Northern 
France,  and  the  Netherlands.  On  his  tours  into  the  neigh- 
bourhood of  Edinburgh  he  was  often  accompanied  by  his 
friends,  who  realised  the  originality  of  many  of  Hutton's  views 
on  geological  subjects,  and  begged  him  to  put  them  into 
writing.  At  last  Hutton  set  himself  to  the  work  of  shaping 
his  ideas  into  a  coherent,  comprehensive  form,  and  in  1785 
read  his  paper  on  the  **  Theory  of  the  Earth  "  before  the  Royal 
Society  of  Edinburgh.  Three  years  later  it  was  published  in 
the  Transactions, 

The  publication  of  the  work  attracted  little  favourable  notice. 
This  may  have  been  due  partly  to  the  title,  which  was  the 
same  as  that  of  so  many  valueless  publications,  and  partly  to 
the  involved,  unattractive  style  of  writing ;  in  larger  measure, 
however,  it  was  due  to  the  fact  that  the  learning  of  the  schools 
had  no  part  in  Hutton's  work.  Hutton's  thoughts  had  been 
borne  in  upon  him  direct  from  nature;  for  the  best  part  of  his 
life  he  had  conned  them,  tossed  them  in  his  mind,  tested  them, 
and  sought  repeated  confirmation  in  nature  before  he  had  even 
begun  to  fix  them  in  written  words,  or  cared  to  think  of  any- 
thing but  his  own  enjoyment  of  them. 
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Hutton's  work  was  projected  upon  a  plane  half  a  century 
beyond  the  recognised  geology  of  his  own  time.  Hutton's 
audience  of  geologists  had  to  grow  up  under  other  influences 
than  polemical  discussions  between  Neptunists  and  Plutonists, 
and  had  to  learn  from  Hutton  himself  how  to  tap  the  fountain 
of  science  at  its  living  source. 

In  1793  ^  Dublin  mineralogist,  Kirwan,  attacked  Hutton's 
work  in  ignoble  terms,  and  the  great  Scotsman,  now  advanced 
in  years,  resolutely  determined  to  revise  his  work  and  do  his 
best  by  it.  Valuable  additions  were  made,  and  the  subject- 
matter  brought  under  more  skilful  treatment  In  1795  ^^^ 
revised  work  appeared  at  Edinburgh,  in  independent  form  and 
in  two  volumes.  It  was  his  last  effort.  Hutton  died  in  1 797 
from  an  internal  disease  which  had  overshadowed  the  closing 
years  of  his  life. 

The  original  treatise  of  Hutton  is  divided  into  four  parts. 
The  first  two  parts  discuss  the  origin  of  rocks.  The  earth 
is  described  as  a  firm  body,  enveloped  in  a  mantle  of  water 
and  atmosphere,  and  which  has  been  exposed  during  im- 
measurable periods  of  time  to  constant  change  in  its  surface 
conformation.  The  events  of  past  geologic  ages  can  be  most 
satisfactorily  predicted  from  a  careful  examination  of  present 
conditions  and  processes.  The  earth's  crust,  as  far  as  it  is 
open  to  our  investigation,  is  largely  composed  of  sandstones, 
clays,  pebble  deposits,  and  limestones  that  have  accumulated 
on  the  bed  of  the  ocean.  The  limestones  represent  the 
aggregated  shells  and  remains  of  marine  organisms,  while  the 
other  deposits  represent  fragmental  material  transported  from 
the  continents.  In  addition  to  these  sedimentary  deposits  ot 
secondary  origin  there  are  primary  rocks,  such  as  granite  and 
ix)rphyry,  which,  as  a  rule,  underlie  the  aqueous  deposits. 

In  earlier  periods  the  earth  presented  the  aspect  of  an 
immense  ocean,  surmounted  here  and  there  by  islands  and 
continents  of  primary  rock.  There  must  have  been  some 
powerful  agency  that  converted  the  loose  deposits  into  solid 
rock,  and  elevated  the  consolidated  sediments  above  the 
level  of  the  sea  to  form  new  islands  and  continents. 

According  to  Hutton,  this  agency  could  only  have  been 
heat ;  it  could  not  have  been  water,  since  the  cement 
material  (quartz,  felspar,  fluorine,  etc.)  of  many  sedimentary 
rocks  is  not  readily  soluble  in  water,  and  could  scarcely  have 
been  provided  by  water.     On  the  other  hjmd,  most  solid  rocks 
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are  intermingled  with  siliceous,  bituminous,  or  other  material 
which  may  be  melted  under  the  influence  of  heat  This 
suggested  to  Hutton  his  theory  that  at  a  certain  depth  the 
sedimentary  deposits  are  melted  by  the  heat  to  which  they  are 
subjected,  but  that  the  tremendous  weight  of  the  super- 
incumbent water  causes  the  mineral  elements  to  consolidate 
once  more  into  coherent  rock-masses.  He  applied  this  theory 
of  the  melting  and  subsequent  consolidation  of  rock-materisd 
universally,  to  all  pelagic  and  terrestrial  sediments. 

In  the  third  part  it  is  shown  that  the  present  land-areas  of 
^  the  globe  are  composed  of  rock-strata  which  have  consolidated 
during  past  ages  in  the  bed  of  the  ocean.  These  are  said  to 
have  been  pushed  upward  by  the  expansive  force  of  heat, 
while  the  strata  have  been  bent  and  tilted  during  the 
upheaval.  Hutton  next  describes  the  occurrence  of  crust- 
Assures  both  during  the  consolidation  of  the  rock  and  during 
the  elevation  of  large  areas,  and  the  subsequent  inrush  of 
molten  rock  or  mineral  ores  into  the  fissures.  He  regards 
volcanoes  as  safety-valves  during  upheaval,  which  by  affording 
exit  at  the  surface  for  the  molten  rock-magma  and  superheated 
vapours  prevent  the  expansive  forces  from  raising  the  con- 
tinents too  far. 

The  evidences  of  volcanic  eruption  in  the  older  geological 
epochs  are  next  discussed.  Hutton  expressc*s  the  opinion 
that  during  the  earlier  eruptions  the  molten  rock-material 
spread  out  between  the  accumulated  sediments  or  filled  crust- 
fissures,  but  did  not  actually  escape  at  the  surface;  con- 
sequently, that  the  older  rock-magmas  had  solidified  at  great 
depths  in  the  crust  and  under  enormous  pressure  of 
superincumbent  rocks.  He  calls  the  older  eruptive  rocks 
^^subterraneous  lavas,''  and  includes  amongst  them  porphyry 
and  the  whinstones  (eq.  trap-rock,  greenstone,  basalt,  wacke, 
amygdaloidal  rocks) ;  granite  was  also  added  in  a  later  treatise. 
Hutton  points  out  that  the  subterraneous  lavas  have  a 
crystalline  structure,  whereas  those  that  solidify  at  the 
surface  have  a  slaggy  or  vesicular  structure. 

In  the  fourth  part,  Hutton  concentrates  attention  on  the 
pre-existence  of  older  continents  and  islands  from  which  the 
materials  composing  more  recent  land  areas  must  have  been 
derived.  He  likewise  discusses  the  evidences  of  pre-existing 
pelagic,  littoral,  and  terrestrial  faunas  from  which  existing 
faunas  must  have  sprung      But,  he  continues,  the  existence  of 
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ancient  faunas  assumes  an  abundant  vegetation,  and  direct 
evidence  of  extinct  floras  is  presented  in  the  coal  and 
bituminous  deposits  of  the  Carboniferous  and  other  epochs. 
Other  evidence  is  afforded  in  the  silicified  trunks  of  trees  that 
occasionally  are  found  in  marine  deposits,  and  have  clearly 
been  swept  into  the  sea  from  adjacent  lands. 

Hutton  then  sets  forth,  in  passages  that  have  become  classic 
in  geological  science,  the  slow  processes  of  the  subaerial  denuda- 
tion of  land-surfaces.  He  describes  the  effects  of  atmospheric 
weathering,  of  chemical  decomposition  of  the  rocks,  of  their 
demolition  by  various  causes,  and  the  constant  attrition  of  the 
soil  by  the  chemical  and  mechanical  action  of  water.  He 
elucidates  with  convincing  clearness  the  destructive  physical, 
chemical,  and  mechanical  agencies  that  effect  the  dissolution 
of  rocks,  the  work  of  running  water  in  transporting  the  worn 
material  from  the  land  to  the  ocean,  the  steady  subsidence  of 
coarser  and  finer  detritus  that  goes  on  in  seas  and  oceans,  lakes 
and  rivers,  and  the  slow  accumulation  of  the  deposits  to  form 
rock-strata.  Hutton  impresses  upon  his  readers  the  vastness 
of  the  geological  aeons  necessary  for  the  completion  of  any 
such  cycle  of  destruction  and  construction.  In  proof  of  this, 
he  calls  attention  to  the  comparative  insignificance  of  any 
changes  that  have  taken  place  in  the  surface  conformation  of 
the  globe  within  historic  time. 

Hutton  was  thus  the  great  founder  of  physical  and  dynamical 
geology;  he  for  the  first  time  established  the  essential  correla- 
tion in  the  processes  of  denudation  and  deposition ;  he  showed 
how,  in  proportion  as  an  old  continent  is  worn  away,  the 
materials  for  a  new  continent  are  being  provided,  how  the 
deposits  rise  anew  from  the  bed  of  the  ocean,  and  another  land 
replaces  the  old  in  the  eternal  economy  of  nature.  The  out- 
come of  Hutton's  argument  is  expressed  in  his  words  "  that  we 
find  no  vestige  of  a  beginning, — no  prospect  of  an  end." 

When  we  compare  Hutton*s  theory  of  the  earth's  structure 
with  that  of  Werner  and  other  contemporary  or  older  writers, 
the  great  feature  which  distinguishes  it  and  marks  its  superiority 
is  the  strict  inductive  method  applied  throughout.  Every 
conclusion  is  based  upon  obsen^ed  data  that  are  carefully 
enumerated,  no  supernatural  or  unknown  forces  are  resorted  to, 
and  the  events  and  changes  of  past  epochs  are  explained  from 
analogy  with  the  phenomena  of  the  present  age. 

The  undeveloped  state  of  physics  and  chemistry  in  the  time 
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of  Hutton  certainly  gave  rise  to  several  errors  in  connection 
with  the  origin  of  minerals  and  rocks.  No  geologist  now 
would  agree  with  the  principle  that  heat  has  hardened  and 
partially  melted  all  sedimentary  rocks,  and  just  as  little  would 
he  ascribe  to  heat  the  origin  of  flint,  agate,  silicifled  wood,  etc. 
On  the  other  hand,  the  recognised  hypothesis  of  regional 
metamorphism  of  the  crystalline  schists  is  an  extension  of 
Mutton's  conception  of  the  action  of  heat  and  pressure  upon 
rocks. 

Hutton  was  the  first  to  demonstrate  the  connection  of 
eruptive  veins  and  dykes  with  deeper-seated  eruptive  masses  of 
granite,  and  the  first  to  point  out  the  differences  of  structure 
between  superficial  lavas  and  molten  rock  solidified  under  great 
pressure.  In  assuming  that  granite  represents  rock  consoli- 
dated from  a  molten  magma,  Hutton  laid  the  foundation  of  the 
doctrines  of  Plutonism  as  opposed  to  those  of  Neptunism. 

Again,  no  one  before  Hutton  had  demonstrated  so  effectively 
and  conclusively  that  geology  had  to  reckon  with  immeasurably 
long  epochs,  and  that  natural  forces  which  may  appear  small 
can,  if  they  act  during  long  periods  of  time,  produce  effects 
just  as  great  as  those  that  result  from  sudden  catastrophes  of 
short  duration. 

Hutton's  explanation  of  the  uprising  of  continents,  owing  to 
the  expansive  force  of  the  subterranean  heat,  was  not  altogether 
new,  nor  was  it  satisfactory.  Neither  had  Hutton  any  clear 
conception  of  the  significance  of  fossils  as  affording  evidence 
of  a  graduaJ  evolution  in  creation.  Yet  in  spite  of  these  dis- 
advantages! Hutton's  Theory  of  the  Earth  is  one  of  the  master- 
pieces in  the  history  of  geology.  Many  of  his  ideas  have  been 
adopted  and  extended  by  later  geologists,  more  particularly  by 
Charles  Lyell,  and  form  the  very  groundwork  of  modem 
geology.  Hutton's  genius  first  gave  to  geology  the  conception 
of  calm,  inexorable  nature  working  little  by  little — by  the  rain- 
drop, by  the  stream,  by  insidious  decay,  by  slow  waste,  by  the 
life  and  death  of  all  organised  creatures, — and  eventually 
accomplishing  surface  transformations  on  a  scale  more  gigantic 
than  was  ever  imagined  in  the  philosophy  of  the  ancients  or 
the  learning  of  the  Schools,  j  And  it  is  not  tod  much  to  say 
that  the  Huttonian  principle  of  the  value  of  small  increments 
of  change  has  had  a  beneficial,  suggestive,  and  far-reaching 
influence  not  only  on  geology  but  on  all  the  natural  sciences. 
The  generation  after  Hutton  applied  it  to  palaeontology,  and 
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thus  paved  the  way  for  Darwin's  still  broader,  biological  con- 
ceptions upon  the  same  basis.   I 

Hutton's  scientific  spirit  and  genial  personality  won  for  him 
many  friends  and  adherents  amongst  the  members  of  the 
Eklinburgh  academy.  The  most  distinguished  of  these  were 
Sir  James  Hall  and  the  mathematician  John  Playfair. 
Hall  (1762-1831)  contested  the  validity  of  the  opinion  held  by 
some  of  Hutton's  opponents,  that  the  melting  of  crystalline 
rocks  would  only  yield  amorphous  glassy  masses.  Hall 
followed  experimental  methods;  he  selected  different  varieties 
of  ancient  basalt  and  lavas  from  Vesuvius  and  Etna,  reduced 
them  to  a  molten  state,  and  allowed  them  to  cool.  At  first  he 
arrived  only  at  negative  results,  as  vitreous  masses  were  pro- 
duced; but  he  then  retarded  the  process  of  cooling,  and 
actually  succeeded  in  obtaining  solid,  crystalline  rock-material 
(Nicholson's  Journal^  No.  38,  1800).  By  regulating  the  tem- 
perature and  the  time  allowed  for  the  cooling  and  consolidation, 
Hall  could  produce  rocks  varying  from  finely  to  coarsely 
crystalline  structure.  And  he  therefore  proved  that  under 
certain  conditions  crystalline  rock  could,  as  Hutton  had  said, 
be  produced  by  the  cooling  of  molten  rock-magma.  Hall  then 
put  to  the  test  Hutton's  further  hypothesis,  that  limestone  also 
was  melted  and  re-crystallised  in  nature.  To  this  hypothesis 
the  objection  had  been  made  that  the  carbonic  acid  gas  must 
escape  if  limestone  were  brought  to  a  glowing  heat,  and  the 
material  would  be  converted  into  quicklime.  This  was  Hall's 
first  experience;  then  he  devised  another  experiment.  He 
introduced  chalk  or  powdered  limestone  into  porcelain  tubes 
or  barrels,  sealed  them,  and  brought  them  to  a  very  high 
temperature.  The  carbon  dioxide  gas  could  not  escape  under 
these  conditions.  The  calcareous  material  was  thus  subjected 
to  the  enormous  pressure  of  the  imprisoned  air,  and  carbonic 
acid  was  converted  under  this  pressure  into  a  granular  substance 
resembling  marble.  Hall  calculated  from  a  series  of  successful 
experiments  that  a  pressure  equivalent  to  fifty-two  atmospheres, 
or  to  a  depth  of  sea-water  1,700  feet  below  sea-level,  was  neces- 
sary for  the  production  of  solid  limestone,  3000  feet  of  depth  for 
that  of  marble,  and  5,700  feet  of  depth  in  order  to  reduce 
carbonate  of  lime  to  a  molten  state. 

These  results  were  afterwards  confirmed  by  other  experi- 
mentalists. Thus  Werner's  theory  that  crystalline  rock  repre- 
sented in  all  cases  a  precipitate  from  water  was  shown  to  be 
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horizons  of  the  crust  and  under  very  great  pressure,  and  the 
occurrence  of  granite  as  dykes  in  various  British  localities. 
His  treatment  of  valley  and  lake  erosion  is  extremely  able. 
And  Playfair  was  the  first  geologist  who  realised  that  the  huge 
€rratic  blocks  might  have  been  carried  to  their  present  position  by 
former  glcuiers.  His  insight  in  this  respect  would  alone  have 
won  for  him  a  lasting  fame,  for  the  erratics  on  Alpine  slopes 
and  plains  had  long  been  observed  by  geologists  and  an 
explanation  vainly  sought.  Playfair  also  studied  the  raised 
beaches  on  the  coast-line  of  Scotland,  and  rightly  concluded 
that  they  afforded  evidence  of  an  actual  uprise  of  the  land,  in 
opposition  to  the  views  of  Linnaeus  and  Celsius,  who  had 
explained  a  similar  series  of  phenomena  in  Sweden  as  a  result 
of  the  retreat  of  the  ocean.  Playfair  gave  the  first  complete 
account  of  the  evidences  of  oscillations  of  level  in  European 
lands. 

Playfair's  style  is  a  model  of  clearness  and  precision,  and 
his  arguments  are  always  thoroughly  logical,  and  in  agreement 
with  physical  laws.  His  Huitonian  Theory  was  translated  into 
French  by  C.  A.  Basset  in  1815. 

Theories  of  the  Earih^s  Origin  proposed  by  De  LuCy  De  la 
Metfierie^  Breislak^  Kant,  Laplace,  and  others. — Although 
Hutton  had  enunciated  his  theory  of  the  earth  without 
introducing  any  personal  element,  it  was  a  foregone  conclusion 
that  a  doctrine  which  undermined  the  whole  foundation  of 
Werner's  Neptunian  teaching,  was  bound  to  meet  with  adverse 
criticism.  Mention  has  already  been  made  of  the  attacks 
made  by  Kirwan,  Professor  of  Mineralogy  in  Dublin  (GV^- 
ii^^ical  Essays,  1799).  His  arguments  are  based  upon 
chemical  and  physical  objections  to  Hutton's  theory,  and 
culminate  in  a  bitter  denunciation  of  a  theory  inimical  to 
religion,  and  at  variance  with  the  Mosaic  account,  inasmuch 
as  it  demanded  immeasurable  epochs  in  place  of  the  Biblical 
(  hronology,  and  even  denied  the  universal  deluge,  to  which 
Kirwan  mainly  ascribed  the  present  configuration  of  the  earth. 

Another  antagonist  of  Hutton's  theory  was  the  veisatile 
Jean  Andr^  de  Luc,  a  Genevese  by  birth,  who  came  into 
{)ublic  notice  during  the  political  struggles  in  Geneva  in  the 
middle  of  the  last  century,  and  afterwards  attained  to  a 
favoured  position  in  the  court  of  Queen  Charlotte  of  England. 
De  Luc  wrote  on  all  manner  of  scientific  subjects,  and  his 
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great  desire  was  to  bring  the  facts  of  science  into  complete 
and  unquestionable  harmony  with  the  words  of  Holy  Writ 

A  special  interest  is  attached  to  De  Luc's  Letters  on  some 
parts  of  Switzerland^  which  were  originally  addressed  to 
Queen  Charlotte,  and  were  afterwards  published  in  1778.  In 
the  preface  to  these  letters  he  proposes  the  term  Geology  as 
the  most  suitable  for  a  scientific  study  purporting  to  deal  with 
the  history  of  the  earth.  The  preface  is  written  in  bombastic 
style,  announcing  that  a  new  outline  of  cosmology  and  geology 
would  be  enunciated  by  the  writer.  The  Letters  themselves 
contain  little  that  could  be  supposed  to  bear  out  the  high 
promises  of  the  preface,  but  a  year  later  De  Luc's  theory 
appeared  in  a  work  of  five  volumes,  entitled  Pf^skal  and 
Moral  Letters  on  the  History  of  the  Earth  and  of  Man.  The 
moral  discourses  are  comprised  in  the  first  part  of  the  work. 
Then  the  scientific  letters  begin  with  a  risumk  of  the  theories 
of  the  earth's  origin  constructed  by  Burnet,  Whiston,  Wood- 
ward, Leibnitz,  Scheuchzer,  and  others,  all  of  which  are  found 
erroneous  and  set  aside  by  De  Luc.  He  then  describes  his 
travels  in  different  parts  of  Europe,  and  records  any  geological 
observations  he  had  made. 

He  states  his  reasons  for  disbelieving  in  the  enormous 
erosive  activity  which  contemporaneous  writers  ascribed  to 
water.  And  he  strongly  expresses  himself  in  favour  of  the 
eruptive  origin  of  basalt,  as  against  the  ideas  held  by  Werner's 
school.  The  fifth  volume  is  that  in  which  De  Luc  unfolds  his 
own  theory.  He  distinguishes  primordial  mountains — com- 
posed of  rocks  of  unknown  origin,  such  as  granite,  schist, 
serpentine,  quartzite — from  secondary  mountains^  composed  of 
stratified  deposits  containing  fossils,  and  clearly  of  aqueous 
origin.  As  there  are  terrestrial  plants  and  animals  among  the 
fossils  of  the  "  secondary  mountains,"  De  Luc  supposes  that, 
although  the  ocean  must  have  originally  covered  the  earth's 
surface,  there  must  have  been  land  areas  at  the  time  when  the 
strata  of  the  "secondary  mountains"  were  deposited.  The 
floor  of  this  restricted  ocean  was,  he  said,  formed  by  the 
"primordial  mountains,"  hut  in  the  heart  of  these  mountains 
there  were  cavities  of  irregular  shape  disposed  tier  upon  tier 
above  one  another,  so  that  the  firm  rock  merely  formed  a 
scaffolding.  Owing  to  subterranean  fire  or  any  other  disturbing 
cause,  it  sometimes  happened  that  the  rock  pillars  in  these 
hollow  areas  gave  way,   and   crust  inthrows   ensued.      The 
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increasing  weight  of  the  deposits,  which  were  accumulating  on 
the  ocean-floor,  as  well  as  the  pressure  caused  by  the  repeated 
crust-inthrows,  at  last  caused  the  collapse  of  the  lower  tiers. 
The  sea-water  rushed  in  to  fill  the  depressed  areas,  and  the 
level  of  the  ocean  sank.  This  was  called  the  first  revolution 
in  De  Luc's  sequence  of  creative  events.  As  the  ocean  sank, 
the  present  continents  and  islands  made  their  appearance; 
plant  seeds  from  the  old  continents  were  washed  on  the 
strands  of  the  emerging  lands,  and  soon  a  rich  vegetation 
appeared.  The  fauna  of  the  primitive  ocean  and  lands  in 
some  cases  left  descendants  to  people  the  new  oceans  and 
lands,  in  other  cases  became  extinct. 

The  bones  of  the  large  tropical  mammalia  found  in  the 
superficial  strata  of  northern  areas  in  the  present  continents 
were  believed  by  De  Luc  to  be  the  transported  remains  of 
extinct  forms  that  had  inhabited  the  older  continents.  Ac- 
cording to  De  Luc,  all  known  facts  led  to  the  conclusion  that 
the  new  continents,  and  generally  the  present  configuration  of 
the  earth,  came  into  existence  not  more  than  4000  years 
ago. 

Four  letters  protesting  against  both  Hutton  and  Playfair  were 
reprinted  in  a  diffuse  work  by  De  Luc,  entitled  Elementary 
Treatise  of  Geology,  A  large  number  of  papers  were  con- 
tributed to  journals  by  De  Luc ;  but  although  he  was  a  man 
who  was  held  in  high  respect  and  favour  during  his  lifetime, 
his  papers  have  no  permanent  place  in  literature,  and  his 
attacks  on  the  great  Scottish  geologists  were  absolutely  without 
effect. 

Like  De  Luc,  the  Parisian  mineralogist  and  physician,  De 
la  M^therie,  enjoyed  considerable  popularity  among  his  con- 
temporaries. His  chief  work,  published  at  Paris  in  1791,  bore 
again  the  title  Thtorie  de  la  Terre.  De  la  M^therie's  work  was 
founded  for  the  most  part  on  Werner's  teaching.  Many  of 
the  erroneous  notions  in  De  Maillet's  Telliamid  were  revived 
and  new  speculations  attempted,  but  without  any  basis  of 
observation.  According  to  De  la  Mdtherie,  all  mountains, 
>*alleys,  and  plains  took  origin  from  the  precipitation  of 
crystals  in  a  primeval  ocean  which  covered  the  whole  earth, 
and  was  of  enormous  depth.  During  the  accumulation  of 
rock-precipitates  certain  large  subterranean  cavities  filled  with 
air  or  vapour  remained  free  from  solid  deposits.  As  the  total 
volume  of  water  diminished,  a  considerable  portion  oC  tVvii 


78     HISTORY  OF  GEOLOGY  AND  PALAEONTOLOGY. 

sea  withdrew  into  these  crust-cavities,  and  at  the  same  time 
the  areas  of  denser  precipitation  became  land.  Volcanic 
eru[)tions  invariably  originated  in  these  primitive  air  and  vapour 
chambers  in  the  earth's  crust,  which  were  moreover  frequently 
connected  with  one  another  by  crust-fissures. 

It  is  unnecessary  to  enter  into  the  further  details  of  De 
la  M^therie's  Theory.  Two  years  after  its  publication, 
Bertrand,  another  French  geologist,  wrote  New  Principles  of 
Geology^  a  work  contesting  De  la  M^therie's  conceptions,  but 
not  in  itself  contributing  any  new  facts  of  value  to  science. 
Ballenstedt,  a  German  pastor,  was  the  author  of  a  book 
entitled  Die  Urwelt  (or  the  Pritneval  Worid)^  which  was 
widely  read  in  scientific  and  literary  circles.  It  endeavoured 
to  *'  expound  the  Biblical  stories  in  a  sensible  way,"  and  went 
so  far  as  to  affirm  that  all  human  races  had  not  descended 
from  the  one  pair  in  Paradise,  but  that  there  had  been 
originally  several  well-defined  human  species. 

Scipio  Breislak  (1748-1826),  an  Italian,  deserves  to  be 
remembered  for  his  determined  opposition  to  the  Neptunian 
doctrines.  In  his  Text-book  of  Geology  he  tries  to  demon- 
strate that  the  earth  was  originally  in  a  fluid  state,  but  that  the 
volume  of  water  now  present  on  the  globe  would  be  absolutely 
insufficient  to  dissolve  the  solid  material  of  the  crust. 

Further,  the  presence  in  earlier  epochs  of  a  much  greater 
volume  of  water  was  a  mere  hypothesis,  so  also  was  the  con- 
ception of  internal  crust-cavities  into  which  large  quantities  of 
water  might  have  withdrawn  after  the  separation  of  the  rock- 
precipitates.  Again,  there  was  no  positive  evidence  that  the 
surface  of  the  ocean  had  sunk.  The  cases  of  apparent  retreat 
of  the  sea  from  the  coasts  of  Scandinavia,  or  in  the  Gulf  of 
Naples,  might  be  just  as  well  explained  by  oscillatory  move- 
ments of  the  earth's  crust  as  by  the  supposed  general  lowering 
of  the  sea-level.  After  Breislak  had  demonstrated  the  im- 
possibility of  a  fluid  state  of  the  earth  with  water  as  the 
solvent,  he  tried  to  prove  that  the  primitive  fluidity  of  earth 
substances  had  been  due  to  their  intimate  admixture  and 
combination  with  heat-particles.  Breislak  imagines  the  earth 
in  its  first  periods  of  formation  as  a  confused  cosmic  mass 
soaked  in  heated  matter,  and  therefore  more  or  less  molten. 
Two  modes  of  heat  are  distinguished  by  Breislak,  free  heat, 
which  calls  forth  the  sensation  of  heat,  and  combined  heat, 
which  is  not  perceptible  to  the  senses,  but  whose  combination 
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with  other  forms  of  matter  effects  important  changes.  Upon 
this  physical  basis,  Breislak  supposes  that,  as  the  heat -particles 
entered  into  combination  with  other  particles  of  matter  for 
which  they  had  affinity,  the  total  amount  of  free  heat 
diminished,  and  the  temperature  of  the  earth  perceptibly 
cooled.  Gaseous  material  gathered  internally  and  still  more 
at  the  surface,  where  it  was  condensed  as  a  primitive  ocean. 
The  internal  gases  in  combination  with  heat  produced  elastic 
vapours.  These  tried  to  force  their  way  to  the  surface, 
cracking  and  breaking  the  solid  crust  that  had  begun  to 
form. 

Breislak  then  discusses  the  origin  of  the  various  kinds  of 
crystalline  rock  found  in  the  crust.  He  disagrees  with 
Hutton's  explanation  of  gneiss  and  crystalline  schist  as 
altered  sedimentary  rock,  and  includes  them  together  with 
granite,  porphyry,  and  other  igneous  rocks,  as  products  of  the 
cooling  of  matter  from  the  primitive  molten  state.  Breislak's 
ideas  about  rock-structure  soon  fell  into  oblivion,  but  his  able 
criticism  of  the  Neptunian  dogmas  was  largely  instrumental  in 
eradicating  them  from  the  teaching  of  the  universities  and 
colleges.  There  would  be  little  profit  in  recording  further 
the  many  contradictory  theories  of  the  earth  that  appeared 
between  the  publication  of  BufTon's  Theorie  de  ia  Terre  in 
1749  and  of  Breislak's  Introduzione  alia  Geologia  in  181 1. 
What  seems  very  remarkable  is  that  in  none  of  these  can  wc 
trace  the  influence  of  the  cosmogony  and  geogeny  made  known 
i"  *755  by  ^^c  great  philosopher,  Immanuel  Kant,  in  his 
Naturgeschichte  des  Himtnels,  Neither  do  geologists  seem 
to  have  benefited  by  the  kindred  work  of  the  French  mathe- 
matician, Laplace,  Exposition  du  Systhne  du  Monde,  published 
in  1796. 

Kant's  little  book  appeared  anonymously,  immediately  before 
the  outbreak  of  the  Seven  Years*  War.  It  received  no  atten- 
tion, was  forgotten,  and  ninety  years  elapsed  before  Alexander 
von  Humboldt  unearthed  it  from  neglect.  Kant  originated 
the  conception  that  the  ordered  cosmical  universe  might  have 
been  produced  merely  by  the  agency  of  mechanical  forces 
acting  upon  a  vaporous  chaotic  mass.  Kant  supposed  that  all 
the  matter  composing  the  spherical  bodies  of  our  solar  system, 
the  planets  and  the  comets,  was  in  the  beginning  broken  up 
into  its  elementary  constituents  and  distributed  throughout 
space.     All  the  particles  of  matter  could  attract  and  repel  one 
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another ;  the  equilibrium  of  matter  was  in  a  highly  fickle  and 
unstable  condition.  The  denser  particles  of  matter  tended,  by 
reason  of  their  attractive  force,  to  unite  into  a  central  body. 
At  the  impact  the  particles  were  diverted  by  the  disturbing 
action  of  the  attractive  and  repulsive  forces;  there  arose 
numerous  whirls  of  movement  crossing  one  another.  The 
particles  in  these  whirls  or  vortices  originally  moved  in  all 
directions,  and  were  constantly  coming  into  conflict  with  one 
another,  but  fmally  the  movements  became  uniform  in  direc- 
tion, and  the  particles  revolved  almost  in  one  heavenly  plane, 
and  without  mutual  disturbance  in  concentric  circles  round  the 
sun.  Within  each  individual  ring  the  attraction  of  the  particles 
again  came  into  play,  aggregates  of  the  denser  particles  attracted 
the  lighter  particles  in  the  same  ring  until  a  planetary  body 
formed,  revolving  round  the  sun  along  its  particular  path.  In 
this  way  the  whole  planetary  system,  including  moons  and 
comets,  was  thought  by  Kant  to  have  taken  origin  in  order 
according  to  the  distance  of  the  path  of  revolution  from  the 
sun ;  first,  the  planets  next  the  sun,  then  those  more  remote 
from  the  sun. 

While  Kant^s  mechanical  theory  of  the  universe  explains  the 
origin  of  all  the  bodies  in  the  solar  system  upon  the  same 
fundamental  principle,  it  yields  no  exact  information  regarding 
the  constitution  and  the  temperature  of  the  sun  and  the  planets. 
The  nebular  theory  of  Laplace,  which  was  founded  quite  inde- 
pendently of  Kant,  goes  further  in  this  respect,  and  has  therefore 
come  into  closer  relationship  with  geology. 

Laplace  shows  that  all  the  planets  in  the  solar  system  move 
round  the  sun  from  west  to  east  in  almost  the  same  plane,  that 
all  moons  move  in  similar  direction  round  their  planets,  and 
that  the  sun  rotates,  so  far  as  is  known,  in  the  same  direction 
round  its  own  axis.  In  the  opinion  of  the  great  mathematician, 
a  phenomenon  so  remarkable  cannot  be  mere  chance,  but 
indicates  some  general  cause  or  combination  of  causes  that 
has  determined  all  those  movements.  Clearly,  there  was  a 
time  when  the  planetary  spaces  now  empty  were  uniformly 
filled  with  matter  at  a  high  temperature,  representing  the  sub- 
stances of  the  planets  and  moons  in  the  finest  state  of 
rarefaction,  and  having  a  rotating  movement  from  west  to 
east.  A  central  body,  the  sun,  massed  itself  in  the  midst  of 
this  vaporous  material. 

The  finely  divided  mass  behaved  like  a  gigantic  atmosphere, 
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Engineer  Corps,  the  duty  of  preparing  the  topographical  map 
of  the  Harz  was  entrusted  to  him.  From  this  beginning, 
I>asius  became  interested  in  the  structural  relations,  and 
prepared  a  work  which  was  published  in  two  volumes. 
Observations  on  the  Harz  Mountains^  together  with  a  petro- 
graphical  map  and  a  section  (Hanover,  1 789). 

In  the  first  volume,  I^sius  describes  the  **  primitive  rocks  ** 
{Ur-gebirge)  and  the  "vein-series"  (Gang-gebirge),  and  places 
these  groups  in  contradistinction  to  the  "  Flotz  formations  "  or 
younger  stratified  deposits.  The  **  vein-series "  comprises 
marine  limestones  with  corals,  orthoceratites,  bivalves,  and 
gastropods;  slates,  greywackes,  and  sandstones;  trap-rock, 
porphyry,  and  serpentine.  The  distribution  of  the  various 
kinds  of  rock  is  entered  with  great  accuracy  upon  a  coloured 
petrographical  map,  and  the  term  greywacke  is  used  for  the 
first  time  in  the  literature  for  a  sandstone  made  up  of  finely 
frag  mental  granite  debris. 

Lasius  follows  Lehmann  for  the  most  part  in  his  sub-divi- 
sions of  the  Flotz  deposits ;  he  shows,  however,  that  a  part  of 
the  porphyry  occurs  in  association  with  the  Red  Sandstones  of 
Permian  age,  and  must  therefore  he  younger  than  the  main 
body  of  the  vein  series. 

The  second  volume  of  the  work  is  devoted  to  a  description 
of  the  ores  and  minerals  in  the  Harz  mountains,  and  contains 
many  new  and  valuable  observations. 

The  Thuringian  Forest  was  made  the  subject  of  several 
excellent  geological  works  by  an  eminent  scholar  of  Werner, 
Johann  Karl  Wilhelm  Voigt  (i  752-1821).  Trained  for  the  law, 
Voigt  gave  up  this  profession,  became  an  ardent  geologist, 
and  held  the  post  of  Councillor  of  Mines  at  Ilmenau  in 
Thuringia. 

Voigt's  work,  in  two  volumes,  entitled  Mineralogical Journey 
through  the  Duchy  of  Weimar  and  Eisenach^  was  published 
between  1781  and  1785.  Like  many  of  his  contemporaries, 
Voigt  wrote  this  work  in  the  form  of  letters.  It  contained 
what  was  at  the  time  rather  exceptional,  a  series  of  geological 
sections.  Another  work,  which  was  undertaken  by  Voigt  at 
the  desire  of  Bishop  Henry,  gives  a  mineralogical  description 
of  the  district  around  the  monastery  of  Fuld.  The  basalt  and 
phonolite  rocks  in  the  neighbourhood  are  accurately  entered 
in  a  coloured  geological  map,  and  the  text  is  remarkable  for 
Yojl^t's  tacit  renunciation  of  Werner's  views  about  the  origin 
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of  these   rocks,  and  his  clear  exposition  of  their  volcanic 
nature. 

After  the  publication  in  1788  of  Werner's  work  on  the 
occurrence  of  basalt  at  the  Scheibenberg  Hill,  the  difference 
of  opinion  between  these  two  geologists  began  to  assume  a 
more  personal  aspect,  and  unfortunately  ended  in  a  rupture 
of  their  friendship. 

Voigt  published  several  important  papers  on  the  geology  of 
Thuringia  in  later  years,  chiefly  in  mineralogical  journals,  and 
he  was  also  the  author  of  the  first  practical  Text-book  of 
Geognosy  (Weimar,  1792).  In  the  description  of  the  rocks 
and  the  order  of  rock-formations  in  the  crust,  Voigt  follows 
Werner's  teaching,  but  he  has  a  more  just  appreciation  of  the 
causes  of  volcanic  phenomena  and  the  origin  of  volcanic 
rocks. 

His  last  large  work  was  entitled  Attempt  at  a  History  of 
Coal,  Brown  Coal  and  Turf  (Weimar,  1802-5).  ^^^^  con- 
tains, in  addition  to  the  geological  data,  practical  advice  on  the 
determination  of  workable  coal-seams,  and  the  industrial  uses 
of  the  various  kinds  of  combustible  deposits. 

A  detailed  account  of  several  localities  in  the  Thur-: 
ingian  Forest  was  also  given  by  Johann  Ludwig  Heim,  a 
Privy  Councillor  in  the  Duchy  of  Meiningen.  Heim  (1741- 
1819)  was  tutor  to  the  Princes  of  Meiningen,  and  during 
occasional  journeys  he  made  a  large  mineralogical  collection, 
and  wrote  a  number  of  papers  compiled  into  one  larger  work, 
Geological  Descriptions  of  the  Thuringian  Forest  (Meiningen, 
1 796-181 2).  These  are  distinguished  by  the  independence 
of  his  views,  acute  powers  of  observation,  and  his  clear 
descriptions;  but  there  is  no  geological  map,  and  the 
stratigraphical  details  are  only  illustrated  by  rough  sketches. 
Hence  the  work,  careful  though  it  was,  never  received  much 
recognition,  and  was  much  less  instructive  in  character  than 
that  of  Voigt. 

Heim  referred  the  origin  of  the  primitive  rocks  to  chemical 
crystallisation  from  an  indefinite  mixture  or  "fluidum," 
possibly  gaseous  in  constitution.  He  allowed  that  the  slates 
and  greywackes  (**  transitional  rocks  "  of  Werner)  might  have 
been  precipitated  from  a  watery  fluid,  but  he  thought  it 
impossible  to  trace  any  diflerence  in  the  ages  of  the  various 
precipitates.  His  idea  was  that  all  these  rocks  are  arranged 
in  the  crust  as  spherical  or  elliptical  masses  whose  kernel  \^ 
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composed  of  granite,  and  whose  outer  layers  comprise 
porphyry  and  the  primitive  rocks.  Tliis  crude  conception  of 
Heim's  has  certain  points  of  analogy  with  the  much  later 
theory  of  ''central  massives"  promulgated  by  mountain 
geologists. 

Heim  sub-divided  the  sedimentary  or  stratified  deposits  in 
four  main  groups  as  follows : — 

4.  Newer  limestone,  including  Muschelkalk  and  Jurassic 
limestones. 

3.  "  Bunter "  or  variegated  sandstone  (including  the  sand- 
stone of  Fiichscl). 

2.  Older  limestone  or  Upper  Dyas  ("2^hstein''  of  Leh- 
mann). 

I.  Red  Underlyer  or  Lower  Dyas  ("Rothe  Todtliegende " 
of  Lehmann). 

He  also  made  a  special  inquiry  into  the  origin  and  distribu- 
tion of  basalt,  and  wrote  strongly  in  favour  of  its  eruptive 
origin.  He  regarded  it  as  younger  than  all  four  sub-divisions 
of  the  sedimentary  deposits,  and  supposed  that  its  eruption 
had  been  accompanied  by  violent  crust-movements,  during 
which  the  rocks  were  bent  and  fractured  and  the  mountain- 
systems  were  upheaved. 

The  subjects  of  denudation  and  erosion  also  attracted 
Heim*s  attention,  and  he  gave  a  full  description  of  the  erosion 
of  valleys  by  the  agency  of  running  water,  enumerating  many 
good  examples  in  confirmation  of  his  ideas  ("On  the  Forma- 
tion of  Valleys,"  Voigfs  Magazine^  i79i)' 

One  of  the  most  loyal  and  gifted  of  Werner's  scholars  was 
Johann  Karl  Freiesleben  (i 774-1846).  He  was  bom  and 
educated  at  Freiberg,  and  enjoyed  the  intimate  companion- 
ship of  his  master  and  patron.  While  attending  Werner's 
classes  he  formed  the  friendship  of  Von  Humboldt,  Von 
Buch,  and  Von  Schlotheim;  he  afterwards  travelled  with  Buch 
in  Saxony,  with  Schlotheim  in  Thuringia,  and  with  Hum- 
boldt in  the  Bohemian  mountains,  the  Alps,  and  the  Swiss 
Jura  mountains. 

His  first  large  work,  Description  of  the  Harz  ^ fountains 
(2  vols.,  1799),  contains  chiefly  mineralogical  and  technical 
information,  and  a  later  work.  Contributions  to  the  Mineral' 
ogical  Knotvledge  of  Saxony^  published  in  181 7,  is  of  the  same 
nature. 

As  a  geologist,  Freiesleben  accomplished  memorable  work 


INTRODUCTION.  85 

in  ills  study  of  the  sedimentary  series  on  the  northern  sIo|)es 
of  the  Thuringian  Forest  His  comprehensive  work,  Geognosiic 
Contribution  to  the  Knowledge  of  tlu  Copper  Slate  Series^  with 
special  reference  to  a  part  ofMansfeld  and  Thuringia  (Freiberg, 
1807-15,  in  4  vols.,  and  with  coloured  geognostic  map),  still 
ranks  as  one  of  the  most  accurate  local  monographs  on  the 
geolcK^y  of  North  Germany.  It  depicts  the  diflferent  deposits 
according  to  their  mincralogical  character,  their  stratigraphical 
succession,  their  cartographical  distribution,  and  the  occurrences 
of  fossils  and  minerals,  in  a  manner  so  exhaustive,  that  later 
authors  have  been  able  to  add  little  to  his  results. 

Freiesleben  included  under  the  term  copper-slate  or  orc- 
Ix^ng  series  the  strata  from  the  "  Red  Underlyer "  to  the 
**  Muschelkalk"  inclusive;  in  other  words,  all  the  sub-divisions 
now  placed  in  the  Dyassic  and  Triassic  geological  systems 
were  treated  by  him  as  belonging  to  one  great  formation. 

While  the  Thuringian  Porest  and  the  Harz  mountains 
received  by  far  the  largest  share  of  attention  from  the  early 
geologists,  certain  other  parts  of  North  Germany  also  found 
their  way  into  geological  literature.  The  neighbourhood  of 
Hildesheim  was  made  the  subject  of  research  papers  by 
J.  H.  S.  Langer  in  1789,  and  again  by  J.  A.  Cramer  in  1792. 
A  pajx^r  entitled  "  Physical  and  Mincralogical  Observations 
on  the  Mountains  of  Silesia,"  by  A.  Gerhard,  appeared  in  the 
Reports  of  the  Royal  Academy  of  Berlin  in  1771;  and  in  1795 
the  mineralogist,  D.  L.  G.  Karsten,  published  a  geognostic 
account  of  a  journey  in  Silesia.  Still  more  widely  read  were 
Ixiopold  von  Buch's  writings  on  Silesian  districts.  His  Attempt 
at  a  Geognostic  Description  of  Silesia,  which  he  dedicated  to 
Professor  Werner,  is  accompanied  by  a  coloured  general  map. 
This  paper,  like  Von  Buch's  earlier  paper  on  the  district  of 
I^ndeck,  is  more  concerned  with  petrographical  than  with 
geological  details,  yet  it  affords  a  good  general  survey  of  the 
geological  structure  of  a  territory  previously  little  investi- 
gated. 

An  individual  charm  is  lent  to  this  and  to  all  the  subsequent 
works  of  Leopold  von  Buch  by  his  skilful  delineation  of  the 
relations  between  the  geological  structure  and  the  superficial 
aspects  of  a  country.  A  landscape  appealed  to  his  artistic 
sense  as  well  as  to  his  .scientific  interest,  and  his  mastery  of 
language  enabled  him  to  transfer  his  impressions  picturesquely 
in  writing.     Mincralogical  descriptions  were  fully  given;    but 
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from  the  dry  details  his  mind  would  sweep  with  easy  relief 
to  the  consideration  of  the  broader  truths  of  the  science. 

The  following  passage  may  be  quoted  as  an  example  of  Von 
Buch's  style  of  writing.  It  describes  his  idea  of  the  origin  of 
the  Carboniferous  series  of  rocks : — **  First  the  conglomerate 
falls,  a  mixture  of  great  stones  that  could  not  be  carried  far 
from  their  parent  mass,  even  by  an  angry  flood;  and  they 
tear  away  with  themselves  the  mantle  of  vegetation  which 
had  formerly  reposed  in  security  upon  their  surface.  Woods 
are  overthrown,  buried  beneath  the  irresistible  rush  of  jagged 
and  broken  rock,  again  and  again  the  floods  rise  and  pour 
over  the  land,  renewing  this  drama  of  destruction.  Countless 
fragments  are  rolled  from  the  heights  into  the  narrow  moun- 
tain basins  and  valleys ;  there  in  the  hollow  they  are  dashed 
against  one  another,  gyrated  and  rounded  into  pebble  form. 
After  the  surface  has  been  denuded  of  its  vegetation  and 
the  force  of  the  flood  diminishes,  the  finer,  lighter  grains 
begin  to  subside  and  the  newer  fine-grained  sandstone  accu- 
mulates." 

Von  Buch  was  particularly  interested  in  the  conglomerates, 
and  on  the  basis  of  the  lithological  features  he  traced  the 
pebbles  and  larger  fragments  included  in  the  conglomerates 
very  carefully  to  their  place  of  origin.  He  demonstrated 
that  the  pebbles  are  smaller  the  more  remote  they  are 
from  the  rock  from  which  they  have  l>een  broken,  and  by  com- 
parative studies  he  tried  to  determine  the  direction  that  had 
been  followed  by  the  transporting  floods. 

From  a  strictly  scientific  point  of  view,  Leopold  von  Buch's 
geological  researches  were  less  successful  than  those  of  Voigt 
or  Freiesleben,  which  marked  a  distinct  note  of  advance  in 
stratigraphical  inquiry.  The  geological  data  given  by  Von 
Buch  in  his  Silesian  papers  are  sketchy  in  comparison,  and 
there  is  no  serious  effort  to  draw  up  a  definite  succession  of 
the  rock  deposits  upon  either  stratigraphical  or  palxontological 
grounds. 

During  his  Norwegian  journey,  Ixjopold  von  Buch  had 
drawn  attention  to  the  position  of  granite  n/^ove  the  "transi- 
tional" limestone  in  the  neighbourhood  of  Christiania. 
Soon  after,  in  1811,  a  work  on  the  Syeniie  Formation  in 
the  Erz  Mountains^  written  by  Raumcr  and  ICngelhardt, 
aroused  great  interest.  These  authors  stated  that  the 
granite    and    syenite    on    the    north-east    edge   of    the    Erz 
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mountains  were  not,  as  Werner  had  supposed,  the  oldest 
rocks,  since  they  rested  locally  upon  the  gneiss  and  schist 
series,  and  even  upon  the  strata  of  the  "transitional" 
series.  Similar  observations  had  been  made  by  these  authors 
in  the  Harz  mountains,  and  corroborative  reports  began  to 
appear  in  other  countries  disproving  the  commonly  accepted 
dogma  that  all  occurrences  of  granite  must  of  necessity  be  of 
the  highest  antiquity. 

In  comparison  with  Middle  and  North  Germany,  geognostic 
research  was  very  backward  in  South  and  West  Germany,  not- 
withstanding the  fact  that  these  areas  are  particularly  rich  in 
fossils,  and  have  in  later  times  very  materially  assisted  in  de- 
veloping our  knowledge  of  past  epochs. 

The  first  to  examine  the  rocks  of  the  Old  Bavarian  pro- 
vinces was  Mathias  von  Flurl  (i 756-1823).  At  the  age  of 
twenty-four  Flurl  was  elected  Professor  of  Physics  and  Natural 
History  in  the  Industrial  Academy  at  Munich;  afterwards  he 
studied  for  a  time  under  Werner.  On  his  return  to  Bavaria, 
he  was  advanced  from  one  position  to  another,  and  from 
the  year  1800  occupied  the  post  of  Director  of  Mines.  His 
chief  work,  A  Description  0/  the  Mountains  of  Bavaria  and  the 
Upper  Pfdlz^  was  written  in  the  form  of  letters.  Pre-emi- 
nence was  given  to  matters  concerning  mines  and  metallurgy;  at 
the  same  time,  he  related  in  simple  narrative  style  what  he  had 
seen  of  any  geological  interest  in  the  course  of  his  travels,  men- 
tioned the  localities  where  fossils  occur,  and  noted  the  surface 
distribution  of  different  kinds  of  rock.  But  Flurl  avoided  all 
reference  to  debatable  points,  such  as  the  order  of  the  succession 
of  rocks,  the  relative  age  of  fossils,  or  the  mode  of  origin  of 
the  rocks.  The  work  was  accompanied  by  a  small  general  map 
of  Bavaria,  wherein  a  few  of  the  leading  varieties  of  rock  were 
distinguished — granite,  gneiss,  schist,  limestone,  sandstone, 
nagelflue,  and  alluvium. 

Flurl  was  thus  the  pioneer  of  geology  in  Old  Bavaria,  and 
his  work  has  a  permanent  value  on  account  of  its  reliable  and 
varied  information.  On  the  other  hand,  it  cannot  be  placed 
on  the  same  scientific  platform  as  the  more  special  contribu- 
tions to  geology  made  by  his  contemporaries  in  Northern 
Germany. 

B.  Austria- flunqary  and  the  Alps, — A  foundation  had  been 
constructed  for  the  geological  investigation  of  Austria- Hungary 
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by  Ferber's  important  series  of  works, — his  Treatise  on  tlu 
Mountains  of  Hungary^  his  Account  of  Travels^  and  his  Con- 
tributions to  the  Mineralogy  of  Bohemia  (Berlin,  1 7  74).  Twenty 
years  later,  another  descriptive  work  on  the  minerals  of  Bohemia 
was  contributed  by  Franz  Ambros  Reuss,  a  mineralogist  and 
physician  resident  in  Biiin.  The  same  author  wrote  a  Text- 
book of  Mineralogy  that  had  a  wide  circulation.  A  pupil  of 
Werner's,  Reuss  treated  the  basalts  of  North  Bohemia  as  rocks 
of  aqueous  origin. 

The  most  gifted  of  the  early  stratigraphers  was  Johann  Ehren- 
rcich  von  Fichtel  (1732-9SX  a  Hungarian  by  birth,  whose 
researches  in  Transylvania  were  published  in  1780;  a  later 
work  on  the  Carpathian  mountains  appeared  in  1791.  The 
first  volume  of  Fichtel's  Mineralogy  of  Transylvania  contains 
much  valuable  information  about  local  occurrences  of  Tertiary 
fossils  in  the  low  range  of  hills  in  front  of  the  Transylvanian 
Alps.  In  the  second  volume,  Fichtel  describes  the  massive 
accumulations  of  rock-salt  in  Transylvania,  and  gives  an 
exhaustive  technical  account  of  the  whole  mining  industry  in 
Transylvania,  the  Carpathians,  and  Galicia.  A  topographical 
map  shows  tlie  distribution  of  rock-salt  in  these  areas. 

Local  slratigraphical  relations  are  now  and  then  elucidated, 
and  the  origin  of  the  different  kinds  of  rock  is  discussed,  Fichtel 
declaring  himself  to  be  a  thorough  Volcanist.  Amongst  rocks 
of  igneous  origin  Fichtel  includes  the  granite  composing  the 
highest  mountains,  and  the  gneiss,  schist,  limestone,  and 
metalliferous  rock  (rhyolite,  dacite,  trachyte)  composing  the 
mountains  of  intermediate  height;  the  rocks  composing  the 
lower  ranges  in  front  of  the  middle  and  main  chain  are,  he  says, 
of  pelagic  origin,  and  include  sand,  clay,  and  pebble  deposits. 
According  to  Fichtel,  rock-salt  originated  by  the  evaporation 
of  a  fluid  mixture  of  salt  and  rock-oil,  which  had  sapped  into 
huge  crust-cavities  after  the  cooling  and  consolidation  of  the 
earth's  crust.  Such  cavities,  with  their  saline  intercalations, 
form,  he  says,  the  heart  of  the  (Carpathian  mountains. 

hichtel's  later  work  is  devoted  chiefly  to  a  careful  enumera- 
tion and  description  of  the  eruptive  rocks  in  the  Carpathians. 
He  distinguishes  volcanic  outbreaks^  with  which  superficial  lava 
flows  are  associated,  from  volcanic  uphcavalsy  in  the  course  of 
which  wide  regions  are  affected,  and  masses  of  igneous  material 
are  intruded  in  the  crust. 

It  can  be  easily  understood  that  Fichtel's  v.ork  met  with  an 
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incredulous  reception  by  Werner  and  his  adherents.  One  of 
those,  Jens  Esmarch,  afterwards  Professor  of  Geology  in  the 
University  of  Christiania,  travelled  through  the  districts  which 
Fichtel  had  described.  In  all  the  localities  where  Fichtel  had 
found  evidence  of  the  igneous  as  opposed  to  the  aqueous  origin 
of  the  primitive  rocks,  Esmarch  could  see  only  a  confirmation 
of  Werner's  teaching  {S/ior/  Description  of  a  Journey  through 
Hungary^  Transylvania^  and  the  Banat  Mountains^  Freiberg, 

>797). 
The    writings    of   the    energetic  but  somewhat  eccentric 

traveller  Hacquet  ^  in  many  respects  supplemented  the  works 

of  Fichtel. 

Hacquet's  records  of  his  journeys  in  the  Carpathian  and 
Transylvanian  mountains  were,  however,  written  towards  the 
close  of  his  active  life.  His  fame  is  based  upon  another  work, 
the  Oryctographia  Carnio/ica^  a  study  of  the  surface  conforma- 
tion of  Carniola,  Istria,  and  neighbouring  districts  (4  vols., 
Leipzig,  1778-89).  This  monograph,  which  was  modelled 
after  the  pattern  of  the  Swiss  geologists,  Scheuchzer  and  l)e 
Saussure,  represented  the  fruit  of  twenty  years*  residence  in 
Carniola,  and  disclosed  for  the  first  time  something  of  the 
mineralogical  and  physical  structure  of  the  more  remote 
southern  ranges  of  the  Alps.  A  geographical  map  was 
published  along  with  the  work. 

The  scenic  character  and  physical  relations  of  the  country, 
as  well  as  the  customs  and  character  of  the  population,  are 
excellently  depicted.  But  in  the  geological  portion  the  author 
unfortunately  confined  himself  to  a  barren  description  of  the 
individual  occurrences  of  rocks,  minerals,  and  fossils,  without 
attempting  to  give  a  general  conception  of  the  structure. 
During  the  years  1781-86,  Hacquct  extended  his  knowledge  of 
the  Alps  by  travelling  through  the  Dinaric,  Julie,  Rhastic,  and 
Noric  Alps.  He  then  published  a  work  of  a  more  mineral- 
ogical and  geological  character  upon  these  districts,  but  he  did 
not  succeed  in  arriving  at  any  real  appreciation  of  the  broad 
features  of  Alpine  structure. 

This  was  a  task  even  beyond  the  greater  powers  of  Leopold 

'  Balthazar  Hacquct  (1739-1815)  hatl  a  varied  career.  Born  in  Britlany, 
he  l>ecanie  a  surgeon;  in  that  capacity  he  attached  himself  to  the  Austrian 
Army  throughout  the  Seven  Years'  War.  At  the  close  of  the  war  he  taught 
Surgery  at  Ihe  Lyceum  of  Lailwch,  and  in  17S8  he  was  made  Professor  of 
Natural  History  and  Surgery  in  the  University  of  Lemherg. 


90     HISTORY  OF  GEOLOGV  AND  PAL/EON TOLOGY. 

von  Buch  and  Alexander  von  Humboldt.  During  the  winter 
spent  by  the  two  friends  in  Salzburg,  they  made  numerous  tours 
into  the  Salzkammergut  and  Gosau  Valley.  Von  Buch's 
account  of  the  geognostic  and  physical  relations  in  that  locality 
is  very  pleasant  reading;  but,  biassed  as  he  was  by  Werner's 
theories,  Von  Buch  tried  to  explain  the  disturbances  of  the 
strata  by  local  collapse,  and  by  the  shifting  of  the  centre  of 
gravity  in  the  rocks.  The  beautiful  **  Konigsee  "  near  Berchtes- 
gaden,  and  the  Lake  of  Hallstadt,  were  both  regarded  as 
local  basins  of  inthrow,  and  the  deep  Alpine  valleys  were 
attributed  to  river  erosion.  The  whole  massive  development 
of  limestone  in  the  higher  ranges  of  the  Salzkammergut  was 
taken  to  be  the  equivalent  in  age  of  the  Thuringian  *'  Zech- 
stein  "  (Upper  Dyas).  The  occurrence  of  fossils  at  Hallstadt 
and  Gosau,  and  other  now  famous  localities,  was  repeatedly 
mentioned  by  Von  Buch,  but  the  fossils  themselves  were 
not  used  in  any  way  to  help  to  determine  the  age  of  the 
rocks. 

In  a  separate  publication  Von  Buch  drew  a  comparison 
between  the  geological  succession  observed  by  himself  across 
the  Brenner  Pass,  and  that  which  had  l)een  described  by  De 
Saussure  for  the  Mount  Cenis  Pass.  Although  the  idea  was 
good,  the  rocks  and  the  stratigraphy  in  these  two  distant 
Passes  have  too  little  in  common  to  disclose  any  broad 
principles  of  Alpine  structure,  and  the  results  obtained  by  Von 
Buch  in  this  respect  were  confused  and  unsatisfactory. 

Some  general  facts  were,  however,  brought  into  promi- 
nence. In  this  work  Von  Buch  demonstrated  the  absence  of 
porphyry  at  Mount  Cenis,  as  well  as  in  the  whole  Northern 
Alps,  in  strong  contrast  to  the  enormous  development  of  this 
rock  south  of  the  Brenner  Pass;  he  compared  the  northern 
and  southern  zones  of  the  Alps  with  one  another  geologically ; 
showed  the  relationship  of  the  Jura  mountains,  to  the  Alps  and 
he  drew  attention  to  the  lithological  differences  in  the  rocks, 
and  their  influence  on  the  scenic  features.  In  later  years  Von 
Buch  wrote  a  few  short  papers  on  the  Hinterrhein  district 
(1809)  and  on  the  Bernina  \iassive  (1814). 

One  of  the  most  richly  endowed  of  Alpine  students  was  the 
Zurich  geologist,  Hans  ('onrad  Escher  (i 767-1823).  In  1796 
ICschcT  jmblished  a  geological  survey  of  the  Swiss  Alps,  and 
afterwards  a  series  of  geological  sections  from  Ziirich  to  the 
St.    Gothard    Pass.       He    also    contributed    several    smaller 
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papers  to  Leonhard's  Taschenbuch  fur  Mineralogie  and  other 
journals. 

Escher's  modest  personality  is  endeared  in  the  minds  of  all 
Alpine  geologists.  His  quiet,  persistent  spirit  of  inquiry 
enabled  him  to  amass  innumerable  observations,  which  not 
only  afforded  a  reliable  framework  for  the  future,  but  also 
contained  the  kernel  of  some  of  the  grandest  mental  concep- 
tions of  geological  phenomena  that  have  been  attained  during 
the  progress  of  Swiss  geology. 

While  Etcher's  work  is  so  empirical  and  technical  in  its 
tendency  as  to  have  retained  its  freshness  for  the  specialist,  his 
contemporary,  J.  G.  Ebel,^  has  left  a  work  whose  chief 
interest  now  is  for  the  historian,  but  which,  nevertheless,  was  a 
great  achievement  at  the  time.  Ebel  was  the  first  to  bring  any 
comprehensive  account  of  Alpine  geology  to  a  relatively 
successful  fulfilment  The  previous  literature  of  Swiss  geology, 
from  which  Ebel  drew  his  facts,  embraced  the  works  of 
Scheuchzer  and  De  Saussure,  the  series  of  accurate  geological 
sections  prepared  by  the  engineer  of  the  Linth  Canal,  Hans 
Conrad  Escher,  and  the  papers  of  the  younger  Escher,  which 
were  then  appearing  in  current  magazines.  De  Luc  and  Dc 
Saussure  had  contributed  a  few  observations  on  the  south- 
west portion  of  the  Swiss  Jura  mountains,  and  Count  Razu- 
mowsky  had  published  his  large  work.  Natural  History  of  the 
/oral  and  its  Surroundings^  in  the  second  volume  of  which 
important  suggestions  had  been  given  regarding  the  structure 
of  the  Jura  mountains.  Ebel  was  also  thoroughly  familiar  with 
the  geological  literature  of  the  German,  Austrian,  French,  and 
Italian  Alps;  in  many  cases  he  relied  upon  his  own  obser- 
vations. 

EbcFs  description  of    the  Alps  was  characterised  by  tlie 

*  John  Gottfried  El)cl,  l)orn  1764  in  Ziillichau,  Silesia,  studied  medicine, 
then  travelled  three  years  in  Switzerland,  and  in  1793  settled  as  a  physician 
at  Frankfort-on-Main.  A  translation  of  the  writings  of  Sieyes  brou{»ht  him 
under  political  suspicion,  and  he  was  forced  to  leave  Germany.  He  went 
to  Paris,  where  he  continued  to  practise  medicine,  hut  spent  a  large  portion 
of  his  time  in  the  pursuit  of  natural  philosophy.  In  1810  he  selected  Ziirich 
for  a  residence,  and  died  there  in  1S30.  During  his  early  years  in  P'rank- 
fort  he  published  a  "Guide,"  II<nu  to  Travel  in  Switzerland  in  the  most 
Pleasant  and  Fradical  Way  (4  parts,  1 793),  a  work  which  has  served  as  the 
pattern  of  our  present  guide-books  for  travellers.  His  next  work  was  A 
Description  of  the  Mountain-peoples  of  Switzerland^  1798- 1802.  His  chief 
geological  work,  On  the  Structure  of  the  Earth  in  the  Alpine  Mountain- 
System^  was  published  at  Zurich  in  1808. 
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clearness  with  which  he  distinguished  the  leading  members  of 
the  mountain-system.  He  established  the  fundamental  dis- 
tinction of  a  central  chain  composed  for  the  most  part  of 
primitive  rocks,  and  two  lateral  zones  on  the  north  and  on  the 
south  of  the  central  chain,  composed  chiefly  of  limestone, 
sandstone,  shale,  and  nagelflue.  These  leading  zones  were 
accurately  described  with  respect  to  their  geographical  distri- 
bution and  the  various  kinds  of  rock  present  in  them.  The  re- 
semblances and  differences  between  the  northern  and  southern 
zones  were  pointed  out,  and  the  leading  stratigraphical  features 
were  shown  in  a  number  of  geological  sections.  The  text  was 
further  illustrated  by  a  general  geological  map  of  the  Alps  and 
several  panoramic  sketches.  A  geological  map  (on  small 
scale)  of  the  mountain-systems  of  Europe  was  added  for 
purposes  of  comparison. 

In  describing  the  Jura  mountains,  Ebel  defined  their  geo- 
graphical limits  in  accordance  with  their  geological  structure. 
He  pointed  out  for  the  first  time  that  the  Swabian  and 
Franconian  Alb  formed  geologically  an  integral  jxirt  of  the 
Swiss  Jura  chain.  He  also  drew  special  attention  to  the 
arched  forms  of  structure  as  particularly  characteristic  of  the 
Jura  mountains,  but  failed  to  find  any  satisfactory  explanation 
of  the  curvature  of  rock-strata. 

The  main  features  of  the  conformation  were  thus  rightly 
laid  down,  but  the  detailed  stratigraphy  was  less  ably  handled. 
Ebel  started  from  the  assumption  that  the  whole  outer  crust 
of  the  earth  is  everywhere  composed  of  the  primitive  rocks, 
granite,  gneiss,  and  crystalline  schist,  and  that  these  rocks  have 
been  in  certain  localities  covered  by  i)elagic  or  terrigenous 
deposits.  He  regarded  the  highly-tilted  position  of  the  rocks 
in  the  central  chain  as  essentially  characteristic  of  the  primitive 
series,  and  accepted  Alexander  von  Humboldt's  doctrine  that 
the  primitive  rocks  everywhere  strike  in  the  same  direction, 
from  south-west  to  north-east. 

In  his  treatment  of  the  stratigraphical  succession  in  the 
lateral  Alpine  zones  Ebel  attached  little  weight  to  the  order  of 
rock-formations  enunciated  by  Werner,  and  considered  it  far 
more  important  to  note  the  scMjucnce  of  the  fossil  contents. 
He  pointed  out  that  the  strata  reposing  upon  the  primitive 
group  contain  a  few  pelagic  fossils;  in  younger  strata  the 
remains  of  marine  faunas  are  much  more  numerous  and  varied; 
w  sliJl  younger  terrigenous  deposits  there  are  fossil  fishes  and 
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plants;  then  amphibians  appear,  and  finally,  whole  skeletons 
of  terrestrial  mammals  and  birds  are  imbedded  in  the  sands 
and  clays.  "  Accordingly  fragnrientary  historical  testimony  of 
the  beginnings  and  further  stages  of  living  organisms  on  the 
face  of  the  earth  has  been  indelibly  preserved  in  the  suc- 
cessive strata.  It  must  be  left  to  posterity,  by  means  of 
the  united  observations  and  efforts  of  many  enquirers,  to 
solve  the  secrets  of  the  earth's  structure  and  read  aright  the 
sequence  of  organic  remains  interred  in  the  crust "  (vol  ii., 
p.  412). 

The  periodicity  in  the  recurrence  of  certain  physical  con- 
ditions and  the  repetition  of  similar  deposits  were  favourite 
themes  with  EbeL  He  showed  that  the  same  varieties  of  rock 
occur  repeatedly  in  the  lateral  zones  of  the  Alps,  and  clearly 
represent  deposits  gathered  during  different  geological  epochs. 
Then  he  cited  evidences,  both  from  the  central  and  lateral 
Alpine  zones,  of  recurrent  paroxysms  of  the  crust ;  these,  in  his 
opinion,  had  been  caused  by  the  sudden  transgression  of  the 
ocean  over  terrestrial  areas  and  the  consequent  devastation  of 
the  land,  erosion  of  valleys,  and  accumulation  of  fine  and 
coarse  mechanical  deposits  at  the  base  of  the  mountains. 

According  to  Ebel,  the  last  and  most  violent  inundations 
had  advanced  in  a  direction  from  south-west  to  north-east,  and 
liad  transported  the  huge  erratic  blocks  and  the  material  of  the 
nngelflue  and  other  pebble  deposits  to  the  northern  band  of 
the  Alps,  and  even  as  far  as  the  North  German  plain. 

This  same  idea  of  periodicity  led  Ebel  further  astray  when 
he  ventured  into  philosophical  speculations.  He  compared 
the  body  of  the  earth  with  a  voltaic  pile  in  spherical  form,  in 
which  a  living  element  analogous  with  the  electrical  current 
not  only  called  forth  the  plant  and  animal  kingdoms,  but  also 
regulated  the  origin  and  arrangement  of  the  minerals  and 
rocks. 

Such  theoretical  speculations  were  always  kept  apart  from 
the  descriptive  portion  of  Ebel's  work,  and  scarcely  affected 
it,  although  they  produced  so  unfavourable  an  impression 
that  they  caused  his  work  to  be  undervalued  by  his  con- 
temporaries. At  the  same  time,  Ebel's  work  undoubtedly 
marks  the  high  level  of  geological  research  as  it  was  repre- 
sented in  the  Alpine  literature  at  the  beginning  of  the  century. 
Unfortunately,  Ebel  had  no  deep  insight  into  slratigraphical 
details,  and  he  lacked  the  genius  to  follow  up  the  ladicatlows 
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whicli  De  Saussure  and  Escher  von  der  Linth  had  given  of  the 
grand  crust  movements  that  had  inverted  rock -strata  and 
developed  the  fan-structure  of  the  mountain-massives  of  the 
central  chain.  The  bolder  thoughts  of  these  men  escaped 
him. 

In  addition  to  the  larger  works  on  Alpine  geology  by 
Von  Buch  and  £bel,  a  number  of  smaller  treatises  on  Alpine 
localities  were  contributed  to  mineralogical  journals.  Amongst 
these  were  papers  by  Italian  geologists  directing  attention  to 
the  interesting  geological  phenomena  in  the  Fassa  Valley  and 
Predazzo  in  South  Tyrol ;  a  description  by  Mohs  of  the  Villach 
Alps ;  works  by  Charpentier  and  others  on  the  Wallis  Alps;  and 
by  several  French  geologists  on  the  Maritime  Alps  and  several 
parts  of  the  Dauphind 

C.  Italy, — The  interest  of  Italian  geologists  was  early 
attracted  to  the  richly  fossiliferous  Tertiary  strata.  Arduino's 
epoch-making  works  on  the  stratigraphical  succession  in  the 
neighbourhood  of  Verona  have  been  mentioned  above  (p.  37). 
The  travelled  Alberto  Fortis  (i  741-1803),  an  Augustine  monk, 
was  an  acute  observer  and  a  prolific  writer  on  geological 
subjects.  His  works  are  for  the  most  part  descriptive  of  the 
Tertiary  deposits  and  volcanic  rocks  in  the  Vicentine  Alps ; 
Monte  Boica,  a  locality  long  famous  for  its  fossils,  was 
thoroughly  searched  by  Fortis,  and  he  discovered  several  new 
localities  of  well-preserved  fossils  (Brendola,  San  Vito,  Gran- 
cona). 

Fortis  compared  the  fossil  fishes  of  Monte  Bolca  with  exist- 
ing species  in  the  southern  seas,  and  concluded  that  six  or 
seven  species  were  identical.  This  opinion  was  shared  by 
Volta,  in  whose  splendid  monograph  of  the  Monte  Bolca 
fishes  (1788)  the  number  of  fossil  forms  identical  with  living 
species  is  increased  to  one  hundred  and  ten.  Possibly  the 
best  contribution  made  to  science  by  Fortis  was  his  work 
on  the  geological  structure  of  Dalmatia,  and  his  account  of 
the  occurrence  of  nummulites  at  Bencovac  and  Sebenico,  of 
bone  breccias  at  Cherso,  etc. 

In  regard  to  the  origin  of  basalt  and  tuffs,  Fortis  was  an 
extreme  Volcanist ;  he  even  believed  that  the  volcanic  energy 
of  the  Vicentine  area  had  raised  the  temperature  of  the  Adri- 
atic Sea  to  such  a  degree  that  tropical  molluscs  and  fishes 
coxM  then  exist  in  it. 
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The  Tertiary  fossils  of  Italy  were  made  the  subject  of  a 
masterpiece  in  palseontological  literature,  Brocchi's^  famous 
monograph,  Conchyliolo^ia  fossile  subapennina  (Milan,  1814). 
This  work  comprises  two  quarto  volumes,  and  is  handsomely 
illustrated  with  sixteen  plates.  It  begins  with  a  historical 
review  of  the  development  of  palaeontology  in  Italy,  depicts 
in  an  introductory  chapter  the  structure  of  the  Apennines  and 
the  adjoining  plains,  and  distinguishes  the  Secondary  rocks 
which  compose  the  true  mountain-chain  from  the  Tertiary 
deposits  on  the  lower  slopes  and  plains.  The  main  part  of 
the  work  is  occupied  by  the  specific  descriptions  of  Tertiary 
mollusca  from  all  parts  of  Italy.  The  special  locality,  the 
number  of  specimens,  and  the  particular  distribution  in  sandy 
or  clayey,  pelagic,  or  littoral  deposits  is  accurately  recorded 
for  each  species;  both  the  descriptions  and  illustrations  are 
perfect.  A  special  chapter  is  devoted  to  the  occurrence  of 
land  mammals,  whales,  and  fishes. 

Brocchi  recognises  the  great  similarity  of  the  Tertiary  species 
of  mollusca  with  species  still  living  in  the  Mediterranean  and 
Adriatic  seas,  and  likewise  the  difference  between  the  Italian 
ft)ssil  species  and  the  species  of  the  Paris  basin,  which  had 
lieen  described  by  Lamarck  and  Brongniart.  He  erroneously 
attributed  the  dissimilarity  of  the  Italian  and  French  species, 
not  to  any  difference  in  the  geologic  age,  but  to  the  separa- 
tion of  the  areas  of  occurrence.  At  the  same  time  Brocchi 
fully  realised  the  fundamental  difference  between  the  fossil 
faunas  in  the  Secondary  and  Tertiary  rocks  of  his  native 
land.  The  numerous  occurrence  of  Belemnites,  Ammonites, 
Terebratulas,  and  other  generic  types  in  the  Secondary  rocks, 
and  their  complete  absence  from  the  Tertiary  faunas  is  ex- 
plained on  the  basis  of  the  gradual  extinction  of  the  more 
ancient  types  during  the  vast  periods  of  time  that  elapsed 
while  successive  strata  accumulated. 

Brocchi's  ideas  about  the  mode  of  extinction  and  period  of 
existence  of  fossil  genera  and  species  are  of  especial  interest. 

'  Giovanni  Battista  Brocchi  (born  at  Bassano  in  1772)  studied  juris- 
pru<lence  and  theology  in  Padua,  was  made  Professor  of  Natural  History 
in  Brescia,  and  afterwards  Inspector  of  Mines  for  the  Kingdom  of  Italy, 
lie  travelled  through  almost  the  whole  of  Italy,  and  published  a  large 
number  of  mineralogical,  geological,  and  paktonlological  papers;  in  1823 
he  travelled  in  the  East,  visited  Lebanon  and  Egypt,  and  went  as  an 
engineer  to  the  Soudan,  where  he  died  in  1826  at  Khartoum,  a  victim  to 
the  unhealthy  climate. 


96     HISTORY  OF  GEOLOGY  AND  PALiEONTOLOGY. 

He  opposes  the  Catastrophal  Theory,  which  taught  that  from 
lime  to  time  destructive  catastrophes  had  occurred  in  past 
ages,  and  had  annihilated  the  whole  or  the  greater  portion  of 
existing  forms ;  and  he  lays  down  principles  of  the  evolution 
of  one  from  another  along  continuous  lines  of  descent,  but 
in  accordance  with  definite  natural  laws  of  growth  and  decay. 
He  argues  that  just  as  a  definite  §pan  of  life  is  meted  out  to 
each  individual,  and  the  time  may  be  longer  or  shorter  accord- 
ing to  the  kind  of  organisation,  in  the  same  way  each  species 
and  each  genus  possesses  a  definite  energy  of  existence,  and 
when  that  has  been  exhausted,  death  ensues  from  natural 
causes  of  decay. 

While  it  is  as  a  palaeontologist  that  Brocchi's  name  will  be 
remembered,  his  first  contribution  was  a  mineralogical  and 
chemical  treatise  on  the  iron-works  of  Melb,  in  Val  Trompia; 
he  then  studied  the  porphyrites  and  basalts  of  the  Fassa  valley, 
and,  in  agreement  with  Wernerian  doctrines,  referred  them  to 
an  aqueous  origin.  Later  in  life,  after  the  publication  of  his 
monograph,  he  returned  to  the  study  of  volcanic  rocks,  with 
the  result  that  he  became  a  Volcanist 

The  volcanoes  of  South  Italy  had  always  proved  an  attractive 
study  in  scientific  circles,  and  yet  it  was  remarkable  how  few 
of  the  scientific  works  regarding  them  had  been  contributed 
by  those  resident  in  the  immediate  neighbourhood. 

Sir  William  Hamilton's  work  on  Vesuvius  and  Etna  (p.  45) 
had  prepared  an  excellent  foundation  for  further  research,  and 
a  worthy  continuation  was  provided  by  the  Frenchman,  Dolo- 
mieu,^  in  his  descriptions  of  the  Lipari  and  Pontine  Isles,  and 
his  detailed  mineralogical  researches  on  the  rocks  of  these 
islands  and  of  Etna. 

Dolomieu  departed  from  the  usual  method  of  research  that 

'  Ciiiy  S.  Tancrcdc  de  Doloniicn,  l)orn  1 750  at  Dolomieu,  in  the 
Dauphine,  was  an  officer  in  the  army ;  he  travelled  for  several  years  in 
Sicily,  South  and  Central  Italy,  the  Pyrenees  and  Alps;  in  1 796  he  was 
elccled  a  Professor  in  the  I\iris  School  of  Mines,  and  accompanied  the 
French  Expedition  to  Kj^ypt.  While  on  the  return  journey  he  was  taken 
into  custody,  for  political  reasons,  in  Naples,  and  was  imprisoneil  for  two 
years.  After  he  rccjained  his  lil>erty  he  Iwicame,  in  1800,  Professor  of 
.Mineralogy  at  the  Natural  History  Museum  in  Paiis,  hut  died  in  the 
following  yt-ar  in  Paris.  Ilis  most  important  works  are:  Travels  in 
tfw  Li f art  Isles  (Paris,  1783);  On  the  Earl h  Tremors  in  Caiahria  (Rome, 
1784) ;  On  the  l.epontiue  hlc^^  and  a  Cataloi^ue  of  the  Products  of  Etna 
(J»aris,  17^8). 
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had  been  adopted  by  his  predecessors.  Instead  of  confining 
himself  to  a  description  of  the  superficial  aspect  of  the  volcanic 
mountains  and  the  characteristic  phenomena  of  eruption,  Dolo- 
mieu  studied  the  lavas,  loose  ejecta,  sublimations,  etc.,  and 
compared  these  volcanic  products  with  other  rocks.  He  thus 
arrived  at  the  result  that  all  transitional  stages  exist  between 
the  coarsely  crystalline  lavas  and  the  glassy  rocks  (obsidian, 
pitchstone),  the  latter  being  merely  particular  structural  varieties 
of  the  crystalline  lavas. 

In  order  to  explain  the  possibility  of  so  many  grades  of 
structure,  Dolomieu  supposed  that  volcanic  heat,  unlike  any 
kind  of  artificial  heat  that  could  be  produced  in  the  laboratory, 
did  not  reduce  the  original  rock-material  to  a  completely  melted 
mass,  but  merely  to  a  viscous  state,  in  which  the  individual 
mineral  constituents  could  move  relatively  to  one  another 
while  still  retaining  their  characteristic  form. 

He  further  supposed  the  lavas  contained  a  combustible  sub- 
stance (perhaps  sulphur),  which  held  the  rock  in  this  viscous 
state  until  it  was  completely  consumed ;  and  that  this  com- 
bustible substance,  by  its  expansive  force,  produced  the 
scoriaceous,  slaggy,  and  irregular  surfaces  of  lava  streams, 
and  caused  the  upward  pressure  of  molten  magma  to  the 
orifice  of  escape. 

Dolomieu  confirmed  the  igneous  origin  of  basalt  rock,  re- 
garding it  as  a  variety  of  lava  for  the  most  part  associated  with 
submarine  eruptions.  He  compared  the  alternating  lava  streams 
and  sedimentary  strata  at  Etna  with  the  stratigraphical  relations 
of  the  so-called  trap-rocks  in  the  Vicentine  district,  and  con- 
cluded that  the  latter  gave  evidence  of  volcanic  activity. 

The  name  of  Dolomieu  is  perpetuated  in  the  name  of  the 
**  Dolomites,"  given  to  the  beautiful  district  in  South  Tyrol 
south  of  the  Puster  Valley.  Dolomieu  called  attention  in  1791 
to  the  unusual  mineralogical  character  of  the  **  Alpine  lime- 
stone" in  that  district.  His  chemical  investigations  proved  the 
rock  to  contain,  in  addition  to  lime  carbonate,  a  very  high  per- 
centage of  magnesium  carbonate ;  so  that  the  rock  could  by  no 
means  be  regarded  as  a  true  limestone.  Afterwards,  any  highly 
magnesic  limestone  came  to  be  called  **  Dolomite"  rock. 

In  1797  Dolomieu  confirmed  the  statement  of  Giraud 
Soulavie,  that  the  volcanoes  of  Auvergne  and  Vivarais  are 
intruded  into  the  granite,  and  partially  rest  upon  it.  Thus 
Dolomieu  extended  our  knowledge  of  the  mineralogical  com- 
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position  of  rocks  on  many  definite  points,  and  his  researches 
at  once  gained  recognition.  Italian  geologists  applied  them- 
selves with  fresh  zeal  to  the  study  of  their  volcanic  rocks, 
working  more  by  the  practical  methods  of  DolomieiL  Soon 
they  discovered  the  weaknesses  in  Dolomieu's  writings,  where 
that  keen  observer  had  ventured  to  speculate  on  the  causes 
which  might  determine  the  particular  setting  and  orientation 
of  mineral  material  characteristic  of  the  transitional  varieties  of 
igneous  rocks. 

The  learned  I^zzaro  Spallanzani  (1729-99),  Professor  of 
Natural  History  in  Pavia,  was  the  first  who  applied  experi- 
mental methods  to  the  elucidation  of  volcanic  rock-structure. 
He  set  up  series  of  experiments  in  his  laboratory  in  order  to 
find  out  whether  gaseous  vapour  would  escape  when  lava  was 
melted,  and  what  was  the  chemical  nature  of  such  vapours. 
The  result  showed  that  little  gas  escaped,  but  the  powdered 
lava  partially  sublimated,  and  was  partially  converted  into  a 
vesicular  rock-mass. 

Spallanzani  then  tested  Dolomieu*s  idea  that  the  crystalline 
structure  of  volcanic  rocks  was  produced  under  the  influence  of 
a  moderate  degree  of  volcanic  heat  acting  during  a  long  period. 
Different  kinds  of  lava  were  exposed  to  definite  tempera- 
tures for  forty-five  days,  some  even  for  ninety  days.  The 
result  of  Spallanzani*s  experiment  appeared  negative,  since  a 
moderate  heat  acting  for  a  long  time  produced  precisely  the 
same  effects  as  a  more  intense  heat  acting  for  a  shorter  period. 

Spallanzani  also  investigated  whether,  in  accordance  with 
the  hypothesis  of  Dolomieu,  the  presence  of  sulphur  would 
hasten  the  fluidity  of  the  lava,  and  whether  the  melted  material 
in  this  case  would  solidify  as  a  crystalline,  rough-grained,  or 
vitreous  rock.  The  result  was  again  negative.  The  powdered 
specimens  of  lava  mixed  with  sulphur  demanded  the  same  time 
to  become  fluid  as  the  specimens  with  which  no  sulphur  had 
been  mixed,  and  on  solidifying  produced  the  same  glassy  rock. 
Spallanzani  therefore  opposed  l)olomieu's  theory,  that  a  com- 
bustible substance  was  present  in  flowing  lava,  pointing  out 
(i)  that  no  flames  had  ever  been  seen  on  the  surfaces  of  lava 
streams ;  {2)  that  all  lavas  were  easily  brought  back  to  a  fluid 
condition  ;  whereas  if  Dolomieu  were  right  in  supposing  they 
became  solid  after  all  the  combustible  material  had  been  con- 
sumed, then  in  the  absence  of  the  latter  it  should  be  much 
more  difficult  to  melt  the  lavas. 
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Spallanzani's  experimental  researches  were  published  in 
several  volumes  in  the  same  series  as  the  more  popular  descrip- 
tive account  of  his  travels  {Travels  in  Sicily  atid  some  parts 
of  i fie  Apennines^  6  vols.,  Pavia,  1792-97).  Misdescriptions 
and  observations  of  volcanic  regions  surpass  in  scientific 
accuracy  and  completeness  all  previous  contributions  of  the 
kind,  and  have  secured  a  permanent  place  in  the  literature 
of  scientific  travel.  Although  Spallanzani's  numerous  experi- 
ments invariably  produced  vitreous  rock-varieties,  Hall  suc- 
ceeded shortly  after  in  demonstrating  that  crystalline  structure 
could  be  produced  experimentally  by  the  slow  cooling  of  melted 
rock. 

In  1801,  Scipio  Breislak  (p.  78)  published  a  descriptive  and 
geological  work  on  the  Phlegrsean  fields,  the  extinct  volcanoes 
near  Rocca  Monfino,  on  Monte  Somma,  Vesuvius,  the  Baias, 
Procida,  and  Ischia.  This  work  comprises  several  maps,  and 
is  in  many  respects  supplementary  to  Spallanzani's  Travels, 
Breislak  also  contributed  the  first  researches  on  the  geology 
and  stratigraphy  of  Rome,  and  of  that  part  of  the  Apennines 
which  surrounds  the  volcanic  area  of  the  Italian  mainland. 

I^opold  von  Buch  was  also  a  contributor  to  the  geology 
of  Rome.  His  study  of  the  basalt  of  Capo  di  Bove  and  the 
Alban  mountains  aroused  in  his  mind  the  first  doubts  of  the 
correctness  of  Werner's  Neptunian  doctrine.  The  best  feature 
in  Von  Buch's  summary  of  the  geology  of  Rome  is  his  lucid 
exposition  of  the  travertine  and  tuff  deposits.  He  demonstrates 
that  these  are  true  aqueous  sediments,  although  he  recognises 
the  volcanic  origin  of  many  of  the  contained  mineral  fragments. 

In  a  paper  "On  the  Formation  of  Leucite,"  Von  Buch  tried 
to  prove  that  the  crystals  of  leucite  in  the  lava  had  separated 
out  while  the  material  was  still  in  a  fluid  state.  In  his  estima- 
tion the  leucite  crystals  were  original  volcanic  products;  he 
discredited  the  hypothesis  that  they  had  been  originally 
components  of  an  aqueous  sediment  which  had  been 
partially  melted  in  subterranean  volcanic  cisterns  and  poured 
forth  as  lavas.  The  anti-Neptunian  attitude  assumed  by 
Von  Buch  in  this  paper  was  turned  to  good  account  at  the 
time  by  the  Volcanists.  But  Von  Buch  still  held  a  somewhat 
contradictory  position  regarding  basalt. 

After  he  had  visited  Vesuvius  and  the  Euganean  Isles,  in 
1799,  he  wrote  to  Pictet  that  little  difference  could  be 
distinguished  between  the  lava  flow  from  Torre  del  Greco 
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and  basalt  rock;  but  as  Hall's  experiments  had  shown  that 
basalt  when  melted  could  again  solidify  in  crystalline  form,  he 
supposed  that  the  lavas  of  Vesuvius  represented  a  pre-existing 
basalt  of  aqueous  origin  which  had  been  melted  in  the 
earth's  crust  and  ejected  as  lava.  In  other  cases,  for  example 
at  Solfatara,  the  lava  might  not  be  basaltic  in  character,  and 
might  have  some  other  origin.  In  the  same  letter  he  gave  a 
description  of  the.  definite  sequence  in  the  eruptive  phenomena 
of  Vesuvius.  The  eruptions,  he  said,  begin  with  earthquakeii 
radial  fissures  form  on  the  slopes  of  the  mountains,  and  lava 
wells  out;  then  the  pent-up  steam  and  vapours  Inirst  forth 
froiii  the  central  vent  with  explosive  force  and  noise,  throwing 
into  the  air  enormous  masses  of  ashes  and  fragmentary  scoriae 
amidst  dust  and  smoke.  After  the  crater  b  emptied,  quiet  is 
regained,  the  exhalations  of  injurious  gases  marking  the  final 
stages  of  a  spent  volcanic  outburst. 

While  our  scientific  knowledge  of  volcanoes  was  derived  in 
great  measure  from  Italy,  that  country  also  was  the  scene  of  the 
series  of  earthquake  shocks  which  convulsed  Calabria  in  1 783. 
Great  importance  is  attributed  to  the  Calabrtan  earthquake 
in  scientific  literature,  from  the  circumstance  that  many  of 
the  observers  present  in  Calabria  during  the  disturbance,  or 
immediately  after  it,  were  experienced  men  of  science,  and 
their  vivid  descriptions  and  accurate  observations  and  drawings 
afforded  the  first  circumstantial  scientific  account  of  earthquake 
phenomena. 

D.  France^  Belgium^  Holland^  and  the  Iberian  Peninsula. — 
During  the  eighteenth  century  France  had  fallen  behind 
Great  Britain,  Germany,  and  Italy  in  the  pursuit  of  geology 
and  palaeontology,  but  the  influence  of  Buffon  revived  a 
warmer  interest  in  these  studies.  Scarcely  any  other  country 
in  Europe  offers  such  a  fine  field  for  geological  studies  as 
France.  Apart  from  the  Pyrenees,  Alps,  Bnttany,  and  the 
Ardennes,  the  stratigraphy  of  French  districts  is  comparatively 
simple,  and  the  strata  abound  with  a  wealth  of  well-preserved 
fossil  remains.  In  addition,  there  is  the  wonderful  Auvergne 
district,  with  its  groups  of  extinct  volcanoes,  discovered  by 
Gucttard  in  1752. 

Desmarest  was  the  French  geologist  whose  genius  disclosed 
the  full  significance  of  these  extinct  volcanoes  and  made 
Auvergne  famous.     In  1763  he  observed  on  the  plateau  di 
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Pnidelle,  near  Clermont,  basaltic  pillars  in  close  relationship 
with  a  lava  flow,  and  he  spent  many  years  in  collecting  facts 
to  prove  the  volcanic  origin  of  the  basalt.  The  work  which 
he  published  in  the  Memoires  de  PAcademie  royale  des  Sciences 
(1774-75)  established  the  igneous  origin  of  basalt  without  a 
shadow  of  doubt. 

Desmarest  was  himself  so  entirely  convinced  of  the  result 
of  his  conclusions  that  he  took  no  part  in  the  strife  between 
Neptunists  and  Volcanists,  but  when  questioned  by  any  hesi- 
tating adherents  of  either  party  he  used  to  reply  laconically, 
"Go  and  see." 

It  was  remarkable  how  completely  Werner  and  his  school 
ignored  the  incontestable  results  of  Desmarest.  And  the 
later  work  by  Desmarest,  "  On  the  Determination  of  different 
Epochs  of  Volcanic  Activity  in  Auvergne,"  was  also  neglected 
in  Germany  {Mem.  de  finst  Sc,  Math,  et  Fhys.,  1806).  His 
own  countrymen,  however,  fully  realised  the  value  of  Desmarest's 
achievements.  Following  the  same  lines  as  Desmarest,  Faujas 
de  Saint-Fond  and  Abbe  Soulavie  made  known  the  volcanoes 
of  Vivarais  and  Velay  with  their  magnificent  basaltic  pillars  and 
lava  streams ;  so  that  when  D'Aubisson,  a  student  of  Werner's, 
returning  to  Paris  from  Freiberg,  tried  to  spread  Neptunian 
doctrines,  he  had  no  success,  and  a  visit  to  Auvergne  con- 
verted D'Aubisson  himself  to  Volcanistic  beliefs. 

The  intellectual  politician  and  scientific  investigator,  Count 
Reynaud  de  Montlosier,  published  in  1789  an  Essay  on  the 
Volcanoes  of  Auver^ne^  in  which  he  promulgated  a  new  theory 
about  volcanoes.  Like  Desmarest,  Montlosier  recognised  that 
there  were  in  Auvergne  volcanoes  of  different  ages.  The 
younger  have  preserved  their  typical  conical  form  and  their 
craters  uninjured.  The  older  are  for  the  most  part  situated 
at  higher  levels,  and  these  characteristic  features  are  absent ; 
they  are  connected  ridges  or  isolated  mountains  composed  of 
pillared  basalt,  or  trachytic  rocks,  frequently  reposing  on 
granite.  Whereas  it  is  clear  that  the  younger  craters  and 
cones  of  loose  ejected  material  and  lava  are  of  true  volcanic 
character,  Montlosier  claimed  for  the  older  and  relatively 
higher  groups  of  igneous  rocks  that  they  represented  a  single 
upheaval  of  an  extensive  viscous  mass  of  rock-material  that 
had  then  cooled  in  the  elevated  position. 

The  Pyrenees  also  attracted  the  attention  of  French  geolo- 
gists  towards   the   close   of  the   eighteenth   century.      Abb^ 
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l-zIa&oL  -vrnns  isat  irg  inL  scisci&c  dcKnptaon  of  the  geolo- 
r*=x^  KTiniop?  2E  :3Kt  Jyjsass^  He  woBted  neariy  forty 
■x^zsirs-  IT  ms  riKruiL  Jmi  :xl  r^^j  jnihlMsSnd  his  £u»f  om  the 
3€ntr-tM\^  if  sm  ^ysmss  JKukvixetel  Tfae  work  comprises 
ti^nc  -mmfTnTirguiL  309^  nr  x  arpe  sraV,  aad  tvelve  plates 
TTx;  :auui juiic  to^k^.  AiiZ'iK  tceoedeoaof  Goettard,  Palas- 
301  i!%c  scedoL  sanxccis  z?  &cinrcik&  the  diflerent  rocks 
x=ii  jmnff.nff  nt  rie  amcs^:  jbi£  sack  carefol  observations 
:c  ±i£  ic=k£  inc  '5c:.  Fussscie  cxiciiuded  that  the  whole 
2:»:c^cn7^:rrj:rr  3  sside  ic-  cc  T.iiiriorinf,  shales,  day,  and 

X  jT'rrtl  series  3r  W^.W.  aad  E.S.E.  direc- 


I'lr.  izif  be  pile  a  Tfrnrny^  ct  rKSPRsne  sectkns  di^laying 

X  s.zrruf  xzo  OTrin.,cJL  scncrirs  iircu^boot  the  chain. 

FxJisscir?  work  «x$  bcsed  ;ipGB  pcjxjpfas  vhich  were 
xl*^::idT  icoK^r^ai  £=cctsced  vbsQ  zbe  work  appeared.  He 
'zKjyt-mc,  rroi  ±e  seirzzk-cctrT  rocks  h&i  been  deposited  in  the 
'nrjZ'::s  ir»rl:r»-d  x=d  brrixccil  pcg^ajtts  in  which  he  found 
iTjzzr.  L.=:csc:cti<  j-.f  f.:s?Ll:j>r.'^c5  siires  ci  all  ages  were 
:-.TZr*i  SccrcliTT  :>rr:j.r:c5 :  rr  i::;—?:  was  made  by 
PilLfj-:'^  :?  i';:er:=i2e  >7?cez::^::c  r-'r-c:v:5:o:;s  according 
::  :::'=  r:..w  vir-iiicSw  :":ie  :"::s?:  >l  cr  ary  c:her  individual 
frarire.  arc  b-e  d5in-i::C  ij^te  -in-suorol'"  series  of  forina- 
:: 3.-15  irr'-T^tr.  i:,t  rr.ziLUT«  irxziiic  recks  arxi  the  Secondary 


fcm-i:::.". 


Anicrz  the  TTirieifes  cc'  rock  a  ciibasic  rock  containing 
•jralite  was  Ccscribe\i  :*:r  :he  £r«  ::=:e  under  the  name  of 
Ophite. 

An  engineer,  Picct  ce  Lapeircuse.  published  a  finely  illus- 
trated work  on  the  Rudistes  or  H:ppur::dx,  a  fossil  Lsimelli- 
branch  family  represented  in  ^reat  numbers  of  individuals  in 
the  Cretaceous  deposits  ox  the  Pyrenees.  This  remarkable 
gc-nus  had  been  discovered  by  Abbe  Sauvai:e  in  the  Cevennes 
mountains  forty  years  pre\-iously-  Unfortunately  Lapeirouse, 
f>'.-aL:tiful  as  his  illustrations  are,  entirely  misjudged  the  place 
of  \\v:'-ii:  fos-iis  in  the  animal  world,  and  called  his  work  A 
/Je:  crip  (ion  of  szxeral  /ic:c  kinJs  0/  C'r/.':Cirtra/iUs  Osiradies 
^Krlangen,  1781;. 

kamond  d*:  Carbonnieres  contributed  several  geological  and 
paIa:ontoIogical  works  on  the  Pyrenees.  He  was  an  enthusi- 
;istic  mountaineer  and  made  a  special  examination  of  Mont 
I'«:rdu,  which  was  then  thought  to  be  the  highest  summit  of 
the  r.hain      He  proved  that  this  summit  was  not  composed  of 
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granite  as  liad  been  supposed,  but  of  "  Secondary  "  limestone 
containing  numerous  marine  fossils.  Ramond  also  drew  atten- 
tion to  the  presence  of  horizontal  and  inclined  strata,  and  to 
the  fan-shaped  form  in  which  the  inclined  strata  were  often 
arranged. 

Johann  von  Charpentier  (i  786-1855),  the  son  of  Wilhelm 
von  Charpentier  (p.  38),  travelled  as  a  young  man  for 
four  seasons  in  the  Pyrenees  (1808-12).  The  geological 
work  which  he  published  in  1823  was  for  a  long  time  the 
standard  work  upon  these  mountains.  The  younger  Charpen- 
tier agreed  with  Palassou  and  Ramond  regarding  the  parallel 
trend  of  the  strata  along  a  definite  strike,  and  demonstrated 
that  the  sedimentary  strata  slope  away  from  the  granite  core  of 
the  chain.  He  establbhed  for  the  first  time  that  there  was 
a  transverse  fault  through  the  whole  breadth  of  the  chain 
between  Montrejeau  and  Perpignan,  the  eastern  part  of  the 
chain  having  been  displaced  to  the  north  relatively  to  the 
western  portion. 

As  a  student  and  follower  of  Werner,  Charpentier,  like 
Palassou,  supposed  that  the  aqueous  deposits  had  consoli- 
dated in  their  inclined  position,  and  gave  no  credence  to  ideas 
of  subsequent  uplift  and  disturbance.  He  distinguished  eight 
formations,  in  ascending  order — granite,  mica  schist,  primitive 
limestone,  transitional  limestone,  red  sandstone,  Alpine  lime- 
stone, and  Jura  limestone,  ophite  and  terrigenous  deposits 
(Tertiary  and  Diluvium).  Charpentier  gave  little  attention  to 
the  fossils,  therefore  not  infrequently  made  blunders  with 
respect  to  the  age  of  the  stratigraphical  deposits.  For  ex- 
ample, Charpentier's  "primitive"  limestone  corresponds  to 
Silurian  and  Devonian  formations;  his  "transitional"  lime- 
stone, containing  belemnites  and  ammonites,  corresponds  to 
the  Jurassic  formation ;  his  "  Alpine  "  limestone  to  Cretaceous 
and  Lower  Tertiary  rocks.  In  spite  of  these  shortcomings, 
Charpentier's  work  was  one  of  the  most  important  of  his  time. 

Occasional  observations  had  been  made  on  the  "Paris 
Basin  of  Deposits"  by  Guettard,  Desmarest,  and  others; 
Lamanon  gave  special  attention  to  the  beds  of  gypsum  near 
Paris,  and  rightly  regarded  them  as  the  deposits  of  a  fresh- 
water lake.  De  la  M^therie  had  attributed  them  to  volcanic 
origin.  I^manon,  however,  found  fossil  specimens  of  a  fresh- 
water mollusc  in  the  interstratified  marls,  and  in  the  gypsum 
bones  of   terrestrial  mammals  different  from  those  of  living 
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species.  The  great  dbeadst  Lflvanief'  WMtit  weni 
sections  tiuaagfa  the  Fdns  hrany  aodL  pun<Bit  osl  tbe  alterm- 
don  of  littoral  and  pelagic  deposits.  The  atatiigiapliical 
soccessoa  established  b^  Lzvooier  was  added  to  fay  Cbup^s 
detailed  eiaminatTnn  of  esposmes  in  the  lidakj  of  Paris. 

The  greatest  work  on  die  ***  Paris  Basn*  appcncd  in  i8o8y 
mtbe/amrmaidaM£mes2ndAMmm£etSiJiikMimmL  Theauthors 
were  Bcoogmart;  Ptnfesnr  of  MtnfTafcigy  in  the  Naluial 
History  Museum  in  Pm%  and  Corier,  tiie  bmoos  aoo- 
logist  and  palaeontofegist.  They  drew  op  a  systematic  table 
of  the  succession  of  stratigraphical  honaons  in  aooofdance 
primarilj  with  the  seqacDce  oi  the  depwits  in  the  gioiuidy 
and  with  the  particular  fossils  rhaiartrrising  cnch  group  of 
deposits ;  the  varieties  of  rode,  and  the  thirkncwcs  and  dis- 
tribatioa  of  different  deposits  were  also  Ibify  oonsidetcd.  The 
fonowir^  are  the  formatrons^  in  ascending  oider  from  the 
Cretaceoos  rocks^  as  they  were  recognised  in  the  first  work  by 
Brongniart  and  Cuvier : — 
9.  Ijxss  clay  and  pebble  depositSy  containing  bones  of  large 
terrestrial  mammals. 

8.  Unfossiliferous  millstone  quartz  and  fresh* 
water  limestone  of  Beauce  (Orleans),  con- 
taining species  of  Planorbis,  Cyclostoma, 
Helix,  and  terrestrial  plant-remains. 
7    Sandstone,  without  moUuscan  remains  (Fon- 
Now  rank    I  tainebleau  sandstone). 

as  /   6.  Siliceous  limestone,  a  facies  of  deposits  5 

Oligocene  \  and  7  present  in  the  southern  parts  of  the 

deposits.     J  basin. 

5.  Sands  and  sandstone  with    moUuscan    re- 
mains (Fon tainebleau  sandstone). 
4.  Gypsum  and   fresh-water   marls,  etc.,   with 
Planorbis,  Linnaeus,  etc.,  passing  upward 
into  marine  oyster  beds. 

\   3    Sands  and  coarse  limestone  series  of  Paris. 

as  J 

Foccne      \ 

/       .         12.  Plastic  clay  without  fossils. 

I.  Octaceous  rocks ;  fifty  fossil  species  were  enumerated  in 

the  chalk  deposits. 
A  second  and  larger  work  was  issued  by  the  same  authors 
in  f  81  f,  with  a  .special  part  devoted  to  geological  descriptions. 
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maps,  and  sections.  Tlie  stratigraphical  succession  was 
slightly  changed ;  eleven  sub-divisions  were  recognised  instead 
of  nine,  the  millstone  quartz  in  No.  8,  and  the  marine  oyster 
beds  in  Na  4,  being  erected  into  independent  sub-divisions. 

Upon  the  basis  of  their  measurements  of  the  thickness  of 
individual  deposits,  Brongniart  and  Cuvier  were  able  to  arrive 
at  definite  conclusions  regarding  the  configuration  of  the  chalk 
surface  before  the  deposition  of  the  plastic  clay.  They  demon- 
strated that  the  clay  had  been  deposited  upon  an  irregular 
surface  of  pre-Tertiary  hills  and  valleys,  and  that,  owing  to  the 
inequalities  of  the  base  of  deposit,  neither  the  clay  nor  the 
succeeding  coarse  limestone  series  extended  over  the  whole 
area  as  connected  layers.  After  the  deposition  of  the  coarse 
limestone,  the  sea  withdrew,  and  the  Paris  area  then  became 
a  fresh-water  basin  in  which  calcareous,  gypsiferous,  argil- 
laceous and  marly  sediments  successively  accumulated.  The 
gypsiferous  strata  were  thickest  in  the  middle  of  the  basin,  but 
neither  they  nor  the  fresh-water  sediments  were  smooth  layers. 
It  was  only  when  the  sea  once  more  had  ingress  and  brought 
into  the  basin  immense  quantities  of  sand  that  an  even  surface 
of  deposit  was  attained.  Again  the  sea  retreated,  and  the  area 
Ijecame  one  of  marshes  and  lakes  in  which  the  younger  cal- 
careous and  siliceous  deposits  gathered;  as  the  area  continued 
to  emerge  the  surface  was  eroded,  and  valley  depressions  and 
uplands  took  shape  which  were  quite  independent  of  the  pre- 
Tertiary  configuration. 

The  importance  of  this  work  for  geology  will  be  realised 
when  it  is  remembered  that  with  the  exception  of  formations 
I  and  9,  all  other  formations  in  Brongniart  and  Cuvier's  Table 
were  unknown  in  Werner's  system  of  the  rock-succession 
(p.  58).  Afterwards  it  was  demonstrated  that  many  of  the 
fossils  of  the  Paris  basin  agreed  with  the  fossils  in  the  deposits 
near  Verona  which  Arduino  had  termed  Tertiary  deposits.  And 
the  series  was  then  incorporated  in  the  chronological  succession 
of  the  rocks  as  the  Tertiary  formations. 

This  was  also  the  first  French  work  which  adopted  the 
method  introduced  by  William  Smith  in  England  ten  years 
previously,  of  determining  the  respective  ages  of  the  rocks  by 
means  of  the  fossils  contained  in  them.  And  in  this  sense  the 
work  had  a  revolutionary  effect  on  French  geology. 

In  a  later  publication  Brongniart  extended  his  observations 
to  the  fresh-water  deposits  of  other  neighbourhoods — Orleans, 
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Le  Maos^  Aorilhc;  and  liwagne  Btani  cowed  a  wider  field 
of  researdit  and  added  stSl  findier  to  die  iBicitijgrtion  of  the 
fresb-vafier  deposits  and  dieir  iassBa  {Ammmia  dm  Mmshtm^ 
iSo9y  iSio)l 

The  moioRfa,  De  F6raaac;  Bade  a  ^wdal  icseaich  of  the 
moQascan  fptfws^  m  die  fredihvafeer  liMM'Qtfp^if  near  ^^^^^  in 
Quercj,  and  in  SpatOL  His  poWiratinns  in  die  Ifemoirs  of 
the  Institute  (1812  and  1813)  proved  dnt  of  about  dgbty-five 
species  nearij  afl  had  become  extinct;  a  iev,  howciery  could 
be  identified  widi  ^Kdes  stiD  fifing  in  distant  ndjghbourhoods 
or  indigenoos  to  C^itial  Europe.  Ffimsnc  ooofinned  Bfong- 
niart  in  his  opinion  that  the  molhwcan  species  coold  be  used 
to  determine  the  age  of  fiesh-vatcr  depositSL 

So  much  interest  had  been  anxsed  in  these  OUgocene 
deposits  that  Omalins  d'HaOoj,^  the  Bdlgian  geologist,  made 
an  examination  of  the  series  in  Atnrefgnc^  Vdaj,  and  in  parts 
of  Italy  and  Germanj,  and  in  aU  cases  prored  condaavdj 
that  the  fossil  remains  had  been  imbedded  in  the  deposits  of 
fresh -water  marshes,  and  were  not  remains  whidi  had  been 
accidentally  swept  into  marine  deposits. 

The  Belgian  geologist  supplemented  the  observations  of 
Cuvier  and  Brongniart  with  great  success^  With  unceasing 
diligence,  he  conducted  geological  tours  on  foot  during  ten 
years,  and  as  a  result  he  was  enabled  to  produce  a  geological 
map  of  France  and  the  adjoining  territories  of  Belgium, 
CJermany,  and  Switzerland.  The  map  gare  a  faithful  represen- 
tation of  the  distribution  of  the  leading  geological  formations. 
It  was  first  published  in  1822,  on  the  scale  of  i :  4,000^000, 
and  was  in  later  years  improved  and  incorporated  in  D'Halloy's 
Text-book  of  Geology. 

Early  in  his  career,  lyHalloy  had  regarded  the  position  of 
the  strata,  their  horizontal,  slightly  or  highly  mdined,  or 
vertical  position,  of  great  importance  in  determining  the  age 
of  the  strata.  He  thought  the  horizontal  strata  corresponded 
to   Werner's  *'  Flotz   formations,"  and  all   inclined  strata  to 

'  Jean  Baptiste  JuUen  d'Omalius  d*Ha11oy,  lx>ni  1783  in  Liege,  the  only 
t^m  of  a  rich  aristocratic  family,  came  under  the  influence  of  Broogiiiart» 
Cuvier,  Faujas,  and  Lamarck  in  Paris;  he  devoted  himself  from  1804  to 
1 814  wholly  to  the  pursuit  of  geoloj^ical  researches  in  France,  Belgium, 
and  the  ncightjouring  districtfi;  in  181 5  was  appointed  Governor  of  the 
Tr'/vince  of  Namur;  afterwards  a  Meml)er  of  the  Bel{*ian  Senate,  and 
TrcAidcnt  of  the  Academy  of  Sciences  in  Bru&iels;  died  1875. 
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Wcrner*s  "Transitional  fonnations."  But  his  subsequent  visit  to 
the  Alps  and  Jura  mountains  caused  him  to  modify  these  views. 

He  accomplished  new  and  important  work  of  investigation 
in  the  Carboniferous  districts  of  Belgium  and  the  Rhine  Pro- 
vinces. He  showed  the  extensive  development  of  the  highly- 
tilted  slate  formation  in  the  Ardennes,  the  Eifel  and  Hunsriick, 
and  pointed  out  that  in  the  Rhine  Province  and  in  the  Pala- 
tinate (Pfalz)  this  formation  had  been  penetrated  by  volcanic 
rocks.  The  productive  horizons  were  chiefly  developed  in  the 
northern  French  provinces,  Artois  and  Boulonnais,  while  the 
fossiliferous  strata  beneath  the  coal-bearing  series  were  best 
develo[)ed  in  the  Hennegau.  Thus  Omalius  d'Halloy  laid  the 
foundation  of  geological  knowledge  over  wide  areas.  His 
more  detailed  works  are  those  which  deal  with  the  Tertiary 
depK>sits  of  the  Paris  basin.  He  united  horizons  5  and  7  in 
the  classification  system  of  Brongniart  and  Cuvier,  and  traced 
the  topographical  distribution  of  each  horizon. 

The  hill  of  Petersberg,  near  Maestricht,  was  made  the  subject 
of  a  local  monograph  of  high  excellence  by  Faujas  de  Saint- 
Pond.  The  chalk  series  of  this  district  has  since  been  recog- 
nised as  the  uppermost  horizon  ("  Danian  Stage'')  of  the 
Cretaceous  formation,  a  stage  absent  in  the  British  develop- 
ment, but  of  very  great  interest  from  the  intermediate 
Cretaceous-Eocene  character  of  the  fauna. 

The  monograph  of  Faujas  de  Saint-Fond  begins  with  a 
description  of  the  hill  and  the  deposits,  more  especially  the 
system  of  caverns  and  tunnels  that  had  been  excavated  in  the 
rock.  In  the  palaeontological  portion,  the  first  specimen 
described  is  the  huge  reptilian  skull,  Mosasaurus  Campert\ 
that  had  been  found  in  these  deposits  in  1770.  The  specimen 
originally  belonged  to  a  physician  of  the  name  of  Hoffmann, 
but,  as  the  result  of  a  lawsuit,  it  came  into  the  custody  of  the 
Canon  Godin,  and  finally,  after  the  siege  of  Maestricht  by  the 
French  in  1795,  it  was  demanded  as  booty  of  war  and  trans- 
ferred to  the  Paris  Museum.  The  famous  anatomist,  Peter 
Camper,  had  e:tamined  the  jaw  of  a  similar  fossil  animal  and 
identified  it  as  the  remains  of  a  Cetacean,  nearly  allied  to  the 
genus  Physeter,  whereas  Faujas  tried  to  demonstrate  that  it 
represented  a  fossil  crocodile.  Both  indications  were  proved 
erroneous  by  Cuvier,  who  identified  the  remains  as  those  of  a 
marine  serpent-like  reptile,  and  placed  the  genus  Mosasaurus 
among  the  lizards,  in  near  relationship  to  the  genus  Varanus. 
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Other  remains  from  the  Maestricht  chalk  that  had  been 
erroneously  classified  by  Faujas  and  his  predecessors  were 
some  large  marine  chelonians,  which  Cuvier  again  was  the 
first  to  identify  correctly. 

Faujas'  descriptions  and  illustrations  of  Invertebrate  groups 
were  particularly  good.  Only  the  want  of  an  adequate 
scientific  terminol<^,  distinguishing  the  original  specimens 
according  to  genus  and  species,  has  prevented  the  monograph 
from  taking  a  permanent  place  in  the  works  of  posterity,  as  it 
must  otherwise  have  done.  Faujas  himself  seems  to  have  had 
no  further  aim  in  view  than  to  show  how  important  the 
accurate  description  of  the  fossils  of  one  limited  locality  might 
be  for  palaeontology  and  geology,  inasmuch  as  these  descrip- 
tions could  be  used  as  a  definite  basis  of  comparison  with  the 
fossil  remains  in  other  localities. 

There  is  little  to  relate  about  the  geology  of  the  Iberian 
Peninsula  at  this  period.  After  the  brilliant  successes 
achieved  by  the  Spanish  and  Portuguese  mariners  in  the  fif* 
teenth  and  sixteenth  centuries  the  sciences  became  neglected, 
more  especially  the  natural  sciences.  The  first  work  devoted 
to  Spanish  fossils  in  the  Spanish  language  was  written  by 
a  Franciscan  father,  Jose  Torrubia  {The  Natural  History  if 
Spain,  1754).  The  author  had  travelled  in  America  and  the 
Philippines,  and  had  collected  fossils  and  minerals  from 
various  lands.  He  drew  up  a  complete  list  of  all  localities 
where  fossils  had  been  found,  and  gave  illustrations  of  the 
Spanish  fossils  on  fourteen  large  plates.  Minor  works  were 
published  on  local  physical  and  geographical  relations  by 
Bowles,  an  Englishman  resident  in  Spain,  and  by  the  Spanish 
botanist,  Cavanilles,  on  the  occurrence  of  fossils  in  the  province 
of  Valencia. 

^  E.  Great  Britain. — Researches  into  the  constitution  and 
history  of  the  earth  were  always  held  in  high  regard  in  Great 
Britain.  The  natural  wealth  of  the  country  in  coals  and  useful 
minerals,  the  early  development  of  mining  and  smelting,  the 
frequent  discovery  of  well-preserved  fossils,  had  all  contributed 
to  awaken  widespread  interest  in  a  knowledge  of  rocks.  Many 
who  had  less  sympathy  for  the  scientific  aspect  of  the  subject 
found  themselves  attracted  by  the  literature  that  was  called 
forth  in  the  effort  to  bring  each  new  geological  fact  as  it  came 
to  light  into  harmony  with  the  tenets  of  Biblical  inspiration. 
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Thus,  in  addition  to  strictly  empirical  writings,  there  grew  up 
an  independent  speculative  literature  in  which  the  names  of 
Whiston,  Burnet,  and  Woodward  are  prominent. 

Towards  the  end  of  the  eighteenth  century,  in  1789,  John 
Williams,  director  of  mines,  published  a  Natural  History  of 
the  Mineral  Kingdom^  with  a  description  of  the  coal-beds  and 
their  occurrence  in  Great  Britain,  which  was  remarkably  com- 
plete. Williams  was  a  violent  opponent  of  Hutton,  whom  he 
blamed  for  disbelief  in  the  Deity. 

The  hazy  suggestions  of  Robert  Hooke  and  others,  that 
fossils  might  perhaps  be  of  use  in  identifying  the  chronological 
order  of  the  rocks,  had  remained  unheeded  for  more  than 
a  century.  The  greatest  stratigraphers  on  the  Continent, 
Lehmann,  Fiichsel,  Arduino,  had  directed  their  attention  far 
more  to  the  constitution  of  the  rocks  than  to  any  benefit  that 
might  be  derived  from  a  study  of  fossils.  Giraud  Soulavie 
and  Bufifon  had  conceived  some  idea  of  the  floras,  but  had  not 
ascertained  any  sure  method  of  applying  such  variations  to 
problems  of  historical  geology  and  stratigraphy. 

William  Smith,^  an  EngHsh  engineer,  was  the  first  to 
recognise  the  importance  of  fossils  in  their  full  significance  as 
a  means  of  determining  the  relative  age  of  strata.  Born  in  a 
county  that  was  unusually  rich  in  fossil  remains,  he  had  in  his 
boyhood  abundant  opportunity  of  observing  and  collecting. 
As  assistant  to  a  land-surveyor  he  became  intimately  acquainted 
with  the  counties  of  Oxfordshire  and  Hampshire,  and  with  the 
surroundings  of  Salisbury  and  Bath. 

*  William  Smith,  born  on  the  23rd  March  1769,  at  Churchill  in  Oxford- 
shire, son  of  a  farmer,  received  a  scanty  elementary  education  at  the  village 
&chrx>l ;  managed,  however,  to  train  himself  to  some  extent  in  geometrical 
studies,  and  entered  at  the  age  of  eighteen  as  an  assistant  in  a  land- 
surveyor's  office.  He  was  afterwards  employed  as  engineer  in  the  con- 
struction of  a  canal  in  Somersetshire,  and  practised  independently  as  land- 
surveyor  and  civil  engineer.  He  lived  in  London  from  1801  to  1819;  in 
1S28  he  lK»came  factor  for  the  estates  of  Sir  John  Johnstone.  After  the 
Geological  Society  was  founded,  William  Smith  was  in  183 1  the  first 
recipient  of  the  Wollaston  medal;  in  1835  the  University  of  Dublin  made 
him  an  honorary  Doctor  of  Laws ;  and  in  1838  he  was  a  member  of  the 
commission  for  the  building  material  of  the  Houses  of  Parliament.  During 
the  later  years  of  his  life  he  was  in  poor  circumstances  ;  a  small  pension 
was  granted  to  him  by  the  Government,  and  he  died  unmarried  at 
Northampton  in  1839.  (Biography  of  William  Smith  in  Sedgwick*s 
I'residential  Address,  Proc.  Geol.  Soc,  London,  1831,  p.  279;  John  Phillips, 
Memoirs  of  IViHiam  Smithy  1844.) 
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In  1 791  he  observed  the  agreement  of  the  red  marl  and  the 
Lias  near  Bath  with  the  corresponding  strata  in  Gloucester- 
shire, and  also  their  unconformable  position  upon  the 
Carboniferous  formation.  For  twenty-five  years  William 
Smith  continued  his  investigations  in  all  parts  of  England; 
he  entered  his  observations  in  coloured  geological  maps,  and 
compiled  them  from  time  to  time  in  the  form  of  tables  or  as 
explanatory  notes  to  his  maps.  He  also  carried  out  a  scheme 
of  arranging  a  collection  of  fossils  according  to  the  succession 
of  strata;  his  own  collection  was  acquired  by  the  British 
Museum,  and  is  still  exhibited  there.  After  his  long  period 
of  field  observations,  William  Smith  came  to  the  conclusion 
that  one  and  the  same  succession  of  strata  stretched  through 
England  from  the  south  coast  to  the  east,  that  each  individual 
horizon  could  be  recognised  by  its  particular  fossils,  that 
certain  forms  reappear  in  the  same  beds  in  the  different  localities^ 
and  that  each  fossil  species  belongs  to  a  definite  horizon  of 
rock. 

Like  his  famous  contemporary  Werner,  William  Smith  also 
had  a  disinclination  for  writing;  on  the  other  hand,  he  was 
always  willing  to  communicate  the  results  of  his  investigations 
orally.  It  is  told  of  him  how  in  the  year  1799  he  made  the 
acquaintance  of  the  Rev.  B.  Richardson,  in  Farley,  who  owned 
a  large  collection  of  fossils  from  the  neighbourhood  of  Bath. 
To  Richardson's  astonishment,  Smith  knew  better  than  the 
owner  himself  where  the  individual  species  had  been  found 
and  in  which  particular  horizon  of  rock. 

Then  a  dinner  was  arranged,  at  which  William  Smith  met 
another  enthusiastic  fossil  collector,  Rev.  W.  Townsend,  and 
William  Smith  consented  to  dictate  a  table  of  the  British  strata 
from  the  Carboniferous  to  the  Cretaceous  formation.  The 
table  of  strata  was  rapidly  copied  and  distributed  among 
geologists.  The  original  manuscript,  written  by  Richardson 
and  dictated  by  Smith,  is  in  the  possession  of  the  Geological 
Society  in  London.  In  this  first  table  of  Smith's  the  successive 
strata  were  indicated  by  numbers. 

But  Smith  was  not  content  with  the  determination  of  a 
chronological  succession  of  strata;  he  traced  their  surface 
outcrops,  and  thus  built  up  the  material  for  his  maps  and 
sections.  He  laid  before  the  Board  of  Agriculture  a 
series  of  memoranda  and  geological  maps  which  were 
published     between     1794     and     182 1     in     the     form     of 
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without  the  encouragement  and  sympathy  of  colleagues  in  the 
study  which  he  loved,  his  own  unflinching  determination, 
noble  enthusiasm,  and  remarkable  insight  enabled  him  to 
elucidate  the  structure  of  his  native  land  with  such  clearness 
and  accuracy  that  no  important  alteration  has  had  to  be  made 
in  his  work.  Smith  confined  himself  to  the  empirical 
investigation  of  his  country,  and  was  never  tempted  into 
general  speculations  about  the  history  of  formation  of  the 
earth.  His  greatness  is  based  upon  this  wise  restraint  and 
the  steady  adherence  to  his  definite  purpose;  to  these 
qualities,  the  modest,  self-sacrificing,  and  open-hearted  student 
of  nature  owes  his  well-deserved  reputation  as  the  ''  Father  of 
English  Geology." 

Soon  after  their  publication,  Smith's  researches  were 
productive  of  results  which  he  could  never  have  anticipated. 
It  was  found  that  the  strata  described  by  him  from  the  Lias 
to  the  Purbeck  horizons  filled  the  great  gap  between  the 
Muschelkalk  and  the  Cretaceous  formations  in  Werner's 
system.  European  geology  was  thus  enriched  by  the  accurate 
knowledge  of  an  important  series  of  fossiliferous  geological 
horizons,  and  the  equivalents  of  the  English  Lias,  Cornbrash, 
Portland  and  Purbeck  series  were  sought  for  and  discovered 
in  various  parts  of  Europe. 

George  Grcenough,^  the  founder  of  the  Geological  Society  of 
London,  published  a  geological  map  of  England  and  Wales 
in  1819,  soon  after  the  appearance  of  W.  Smith's.  The 
topographical    groundwork    and    technical    workmanship    of 

*  George  Bellas  Greenough,  born  1778,  at  first  studied  law  at  Cambridge 
and  GoUingen,  but  under  Blumenbach's  guidance  turned  to  natural  science, 
and  afterwards  studied  mineralogy  and  geognosy  with  Werner  in  Freil»erg  ; 
travelled  in  Germany  and  Italy;  became  a  Member  of  Parliament  in  1807, 
and  in  the  same  year,  on  Novemlxr  13th,  founded  the  Geological  Society 
of  Ix>ndon ;  died  1855  in  Naples.  The  Geological  Society  has  exer- 
cised a  strong  and  favourable  influence  upon  the  development  of  geology 
in  Kngland.  The  aim  in  founding  the  Society  was  to  unite  all  the  English 
geologists,  and  to  keep  alive  and  encourage  the  interest  in  geology  by  the 
regular  publication  of  memoirs,  Transactions^  and  shorter  reports  of  the 
communications  made  at  the  meetings.  The  first  of  six  volumes  of  Trans- 
actions Zi\>\tQ-3^x^i\  in  181 1.  Much  later,  in  1845,  the  Transactions^  published 
in  quarto  form,  were  replaced  by  the  Quarterly  Journal^  fifty-two  volumes 
of  which  have  now  been  published,  and  have  upheld  the  high  quality 
of  the  Society's  publications.  Mr.  Greenough,  the  first  President  of  the 
Society,  helped  very  considerably  to  supply  the  means  for  endowment  of 
the  Gtological  Society. 
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Greenough's  map  were  particularly  good;  the  geological 
colouring  embraced  Smith's  results,  and  was  partially  founded 
upon  his  own  observations.  The  original  edition  appeared  in 
six  sheets;  in  1826  a  reduced  map  was  published  and  at  once 
obtained  a  wide  circulation.  New  and  improved  editions  of 
Greenough's  map  continue  to  appear  at  the  present  day,  and 
for  a  long  time  this  map  was  the  best  that  existed. 

Smith's  example  gave  a  new  impulse  to  geological  work. 
John  MacCulloch,^  a  physician  in  private  practice,  gave  up  his 
practice  and  devoted  himself  between  181 1  and  182 1  to  the 
geological  investigation  of  Scotland.  The  first  fruits  of  his 
important  labours  were  published  in  18 19  in  his  Description 
of  the  W.I.  of  Scotland.  In  1826  he  was  commissioned  by 
the  Minister  of  Finance  to  prepare  a  geological  map  of  that 
country.  This  large  undertaking  was  completed  in  1834. 
There  were,  however,  no  detailed  topographical  maps  of 
Scotland  available  at  that  time,  and  MacCulloch  had  to  enter 
the  geological  colours  on  the  meagre  topographical  basis  of 
the  Arrowsmith  map.  MacCuUoch's  map  was  published 
posthumously  in  1840.  It  frequently  passed  under  the  name 
of  the  author  of  the  topographical  map,  and  received  on  its 
appearance  little  attention  even  from  geologists.  Nevertheless, 
MacCulloch  was  one  of  the  pioneers  of  British  mineralogy  and 
geology. 

The  country  which  he  investigated  was  bristling  with  com- 
plexities and  difficulty  of  every  kind,  but  a  wide  mineralogical 
knowledge  and  experience  stood  him  in  good  stead,  and  he 
built  up  a  thorough  groundwork  for  the  general  features  in  the 
distribution  of  the  rock-varieties  in  Scotland.  Although  a 
little  unwillingly  at  first,  owing  to  MacCulloch's  personal 
peculiarities  and  unpopularity,  his  memoirs  have  long  been 
recognised  as  classical  works  in  the  history  of  British  geology. 
They  are  characterised  by  accurate  mineralogical  determination 

'  John  MacCulloch,  born  1773  in  the  island  of  Guernsey,  of  Scotch 
descent,  was  educated  in  Cornwall,  and  studied  medicine  in  Edinbur|:>;h. 
lie  liecamc  so  enamoured  of  mineralogical  studies  that  in  181 1  he  gave  up 
his  practice,  and  in  the  same  year  he  communicated  to  the  Geological 
Society  several  papers  on  the  structure  of  the  Channel  Isles  and  Heligoland. 
In  18 1 4  he  was  appointed  a  geologist  on  the  Trigonometrical  Survey.  He 
l>cIonged  to  no  particular  school;  he  frequently  fell  into  scientific  disputes 
with  his  contemporaries,  and  was  very  unpopular  on  account  of  his  per- 
emptory way  and  jealous  temperament.  He  died  in  1835,  through  a 
carriage  accident  in  Cornwall. 
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Farer  p.w.A>^  ■  Gimrmt  Vkm  ^  At  Agriaiitmre  and 
Mhiewmts  tf  Datfskam  in  iSi^  vJdi  geological  sections  and 

~  -  -   -         — i^j^  Backland' 

1  of  the  TOUDger  sedi- 
menUfj  rods  of  ^"t^™^  BncHand  described  in  detail 
the  pebUe  and  sand  rlffinBiti  above  tbe  Tertiaiy  fMmations 
and  bdov  the  raj  ywnigejt  flnviatil^  lacnstiin^  or  marine 
deposits.  He  »dr^**^  the  «idd|Hlistiibiited  pebble-beds 
with  tbe  cpocb  of  tbe  imiimsl  DeliiB^  and  called  them 
DilniMi  SOritms;  tfie  yomgest  deposits  be  tenned  Pott- 
diluvial  (alhmal)  dtirUta.  He  also  made  a  la^e  collection  of 
fossils  from  tbe  liassic  and  OoGte  series  in  tbe  Midlands,  and 
followed  William  Smith's  initiative  in  worUng  out  successive 
horizons  npoo  pobroniological  eridcnoe.  Bw^tand's  system 
of  the  SecondaiT  formations,  more  raperiany  of  tbe  Juiusic 
fotmalion,  has  remained  a  model  of  cleariy -defined  palxonto- 
logical  horizons  of  strata. 

The  magnificcnlly-ronned  basaltic  pillars  of  Stafla,  the 
Giant's  Causeway,  and  County  Antrim  early  attracted  notice. 
Pennant's  Book  of  Travel  (1774)  gave  descriptions  and  illus- 
trations of  these,  without  attempting  any  explanation  of  their 
origin.  John  Whitchutst  {17S6),  the  Rev.  Ullliam  Hamilton 
<i7Qo),  and  Abraham  Mills  (rj9o)  advanced  the  idea  of  a 
volcanic  origin,  and  Faujas  dc  SainlFond,  after  a  journey  in 
Scotland  and  Ireland,  supported  this  explanation. 

On  the  other  hand,  Kirwan  (1799)  and  the  Rev.  William 
Richardson  (1808)  reported  the  discovery  of  fossils  in  the 
basalt  of  Ballycalla,  near  Portnish,  and  consequently  advocated 
the  aqueous  origin  of  basalt,  trap,  granite,  etc;  but  Playfair 
proved  that  the  supposed  fossiliferous  basalt  of  Portnish  was 
only  metamorphosed  Lias. 

Contributions  to  tbe  geology  of  Ireland  were  made  by 
Conybeare  and  Buckland  (1813),  Vaughan  Sampson  (1814), 

■  William  Buckland  wai  born  1784,  the  eldest  »□  of  the  Rct.  Chirlei 
Hiicklanil,  at  Axminster,  in  Dcvonstiire;  studied  theolt^y  in  Oiford,  and 
wa*  a  Fellow  of  Christ's  Coll<^c  thero.  In  iSlJ  he  was  appointed 
I'mfcuor  of  Mincraliwy,  and  in  tSrg  was  made  in  addition  the  fiiit  Pro- 
fnva  of  C:ei>louy  in  Oxford  :  in  1S45  he  became  Dean  of  Westniinritr. 
ilc  died  1856,  belli  in  Ihe  highest  resjiccl  and  esleem  l.y  all  Engliiti 
lte.>l>«'i>li.  {Tht  Lift  and  Coi-ra/viiJfiut  of  miliam  Buikland,  by  ha 
i3,  !r,  Mil.  Cordon ;  Loijdon,  1S94  ) 
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and  Dr.  J.  T.  Berger,  of  German  birth,  who  had  been  trained 
in  Werner's  school.  Berger*s  description  of  the  geology  of 
N.E.  Ireland,  published  in  1816,  with  a  preface  by  Conybeare, 
has  proved  fundamental  in  the  geological  literature  of  that 
country,  while  the  geological  maps  of  Ireland,  published  by 
Richard  Griffith  in  1834  and  1838,  afforded  a  complete  general 
survey  of  the  stratigraphy. 

In  Scotland,  Robert  Jameson  (1774-1854),  an  enthusiastic 
pupil  of  Werner,  tried  to  establish  Neptunian  doctrines.  He 
founded  a  Wemerian  Natural  History  Society  in  Edinburgh, 
wrote  a  Text-dook  of  Geognosy  upon  Werner's  principles, 
and  was  for  fifty  years  Professor  of  Geology  in  Edinburgh 
University.  He  and  his  students  made  many  valuable 
researches  in  Scottish  mineralogy,  petrography,  and  geognosy, 
but  their  biassed  Wemerian  view  of  the  rock-formations 
prevented  them  from  attaining  any  real  insight  into  the 
complex  stratigraphical  relations  of  the  sedimentary  deposits 
in  Scotland. 

Hutton  strongly  opposed  the  Neptunian  teaching  of 
Jameson,  which  was  contrary  to  all  his  experience  in  Scotland. 
On  one  occasion  in  1783,  when  Hutton  was  on  a  visit  to  the 
Duke  of  Athole,  he  happened  to  observe  red  granite  dykes 
near  Glen  Tilt,  in  the  Grampians,  penetrating  black  mica 
schist  and  limestone.  He  was  so  overjoyed  at  the  sight  that 
his  companions  could  not  understand  what  was  the  matter, 
and  thought  Hutton  must  have  discovered  a  gold-mine  in  the 
rocks !  Afterwards  at  Cat's  Neck,  Hutton  saw  dykes  of  trap- 
rock  intruded  in  all  possible  directions  through  sandstone. 
These  observations  formed  the  basis  of  his  paper  *'0n 
Granite,"  wherein  he  proves  that  granite  is  frequently  younger 
than  sedimentary  aqueous  deposits.  John  MacCuUoch 
brought  subsequent  confirmation  of  Hutton's  views  by 
showing  that  intrusive  dykes  of  basalt,  porphyry,  granite,  and 
other  varieties  of  igneous  rock,  abound  in  the  Western  Isles  of 
Scotland,  and  that  the  stratified  deposits  have  been  altered  at 
zones  of  contact. 

F.  Scandinavia  atid  Russia, — The  first  Scandinavian  scholar 
who  interested  himself  in  the  history  of  the  earth  was  Urban 
Hiiirne  (1641-1724).  His  work, published  in  1694,  draws  its  con- 
ceptions of  the  earth's  interior  chiefly  from  Athanasius  Kircher. 
While  he  recognised  fossils  as  the  remains  of  OTga.ms»m^  \\^ 
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ssirccsed  dieae  organinni  had  come  inlD  eiirtencr  after  the 
IVixjsce.  To  the  qpocfa  of  the  Ddnge  lie  abo  attributed 
rgnric  <frv.,irbances  of  die  earthTs  saAxx  that  had  uplifted 
srsx,  ocftaoBs  of  Scandbuiia  and  dinmn  odier  aieas  into  the 
iiijc^rxx  d  die  evdL  He  riioiighr  that  faqyem  iecamcuces 
^  iiscBcbKBce  had  taken  piao^  flriJliiig  and  destiojii^ 
ncunoDEfe  A»antJB5  and  contiDenl&. 

Hiiicae^^  ipotk^ai  written  nhia  cam  lin^uig^,  and  was  li^ 
-Tfsc  jmsB&t  Sweden.  Tlie  u  ieKiiii.  auliiigii  of  Emanuel 
5<«e.3£accc3;  :3e  nSaoaaB  i  itfhmiail;  were  move  widely  read 
5twiKxoiacx  t  x6i&-E773V  *!■>  l>dA  iv  e  long  tine  die  post  of 
.V5»»sftx  d  Xaes  in  Swedai»-iook  e  peat  interest  in  fossils, 
4tt%i  It  2CI  (iliriserswdiHr  ^  JUmiMwmi  IM^  (>723)  be 
jrc^ccms  xob^  6!.K.;ibea  a  iMje  BnadKr  of  Swedidi  fossils. 
H'^  rKTUuoc  one  jobbos  fomd  m  h^gh  tahirlindi  and  moontains 
>^  >ftf*r  ii±  3isr£  br:ke flood;  lieregvded  die  tn|>-iocks 
^  v^^  ^^rjzwTUL  X  SHT.  scsE  die  clijujcleiittic  weathering)  as 
5*:.:o.*i:s  ^evvrniifrcs.  izii  rii«:^  TOuranic  phenomena  to  the 
r.v>;.*rvv    --i"  iroliis:  r:£SirT:c:s  wr±ia  the  solid  crust  of  the 
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\  wi-s.  /^^^vcAi  v  r«i.';gvyc ru£ocaI  detiDs  was  published  in 
;•'!*  "*•■  V.Jir-x«  v,ir.  3kc»L:  his  Uihop-aphia  Suecana 
rv :  *^  ,-i  rr*>,'CiCi*N.  r:ms.  aai  rass-opods  from  Gothland,  and 

'•»  C'X.*iVi*!rr<  ire.  Ti'^jDC-Tiantn^  ia  cakareous  tuff.  Another 
.«..^^v.  KiJiftr  5i:,-»:j!:*i&.  ii^ssfSed  the  first  known  Ammonites 
%  N-.  ;V  s.'^vilkv.  '^  ifesnic.barr  pennies''  from  the  Cretaceous 
A  >.\vi>  ,-1:  SoN^n^T*  Tbe  year  1743  was  signalised  by  the 
iN  ;-.'vfc.v»r  ,v  :'ii  ifcTn."i2<  c»b5erra:ions  made  by  Anders 
<\  ^  i^c  ,'»f  :v  sinlriTu:  cif  :hf  seaOei-d  in  the  Gulf  of  Bothnia. 
t\.iv  4W  %\*<vt?«v^.  :rii  j^rrnnc  of  the  sca4evd  at  450  ft  in 

t^Arl  ^^^*.  1  ;tr»rv'  T^^^*^^  pcbiishei  in  1756  his  account 
«y  A  ^,^^\vvA,  ?*^4jr  th»;:;  he  niadc  as  eiriy  as  1741  with  six 
>;UNVnt>  t."^  iV»Arv^  ^tk;  GcchuiTKi.  At  West  Gothland  Linnaeus 
1>,'^,1  in\v>;ipf.r<\^»  x'^:>  c:are:\:]^  the  horizontal  strata  of  the 
"'{v.'^i'JsitNNnA;  :;vnv^;\*»r.s'  in<^«-  iden:i5ed  as  Silurian  and 
<  '.-^rnhnfinV  siKWwiiV.  hv  r.  sonrs  of  trap-rocks  well  exposed  at 
tho  Kinmk;:!)^  hiil.  A  :>pitVi]  section  through  the  Kinne- 
V\il)«^  hill  ^^s  ^^A'BVTi  up  bv  lohnn  Svcnsson  Lidholm,  under  the 
jjiii^Umv  <M'  l.inniius^  and  it  wa<  taken  as  a  standard  for 
I  ho  sirAiigvAphioAl  nb:ion*  ;hroiTxrhout  Sm^eden.  Linnaeus 
vssigtycd  the  tr^p  or  igneous  series  to  aqoeoos  or^n.    In 
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1749  he  examined  the  Cretaceous  rocks  in  Schonen,  and  in 
the  last  edition  (1768)  of  his  Sy sterna  Natura  he  gave  a 
complete  list  of  the  fossils  known  to  him,  and  arranged  them 
according  to  their  occurrence  in  his  system  of  the  rock 
succession.  He  arrived  also  at  remarkably  clear  conceptions 
about  the  accumulation  of  different  kinds  of  sedimentary 
deposit  upon  the  floor  of  the  ocean. 

While  Linnaeus  was  a  true  empirical  observer,  and  may  be 
regarded  as  the  founder  of  constructive  geology  in  Sweden,  a 
contemporary  of  his,  Tobern  Bergman  (1735-84),  inculcated 
theories  regarding  mineral  structure  and  the  constitution  of 
the  earth's  crust  which  were  largely  adopted  by  Werner,  and 
were  thus  destined  to  wield  a  European  influence.  His 
Physical  Description  of  the  Globe  (1769)  was  translated  into 
German,  and  was  the  foundation  of  the  Wernerian  doctrine 
that  the  earth's  crust  was  composed  of  successive  strata  of 
different  thicknesses  and  constitution,  but  uniformly  envelop- 
ing the  spherical  earth ;  further,  that  these  have  arisen  as 
chemical  precipitates,  and  not  simultaneously,  but  gradually 
during  protracted  epochs  of  time.  In  addition  there  were 
deposits  accumulated  by  mechanical  means  and  volcanic 
rocks.  He  classified  the  rock-succession  in  four  sub-divisions  : 
(i)  Primitive  rocks,  comprising  the  chemical  precipitates; 
(2)  the  Flotz  series,  comprising  sediments  of  mechanical 
origin  ;  (3)  transported  rocks  ;  (4)  volcanic  rocks. 

Daniel  Tilas  (1712-72)  made  a  special  study  of  the  erratic 
blocks  and  superficial  pebble -beds  of  Sweden.  He  wrote 
strongly  on  the  importance  of  petrography,  and  to  his  warm 
advocacy  Sweden  doubtless  owes  the  preparation  of  its  earliest 
geological  maps:  the  map  of  West  Gothland  by  Hisinger  in 
1797,  ^"d  ^^  maps  of  Nerike,  Schonen,  West  and  East 
Gothland  by  Gustaf  Hermclin,  published  between  1797 
and  1807.  Both  these  authors  contributed  an  explanatory 
text  to  their  maps,  and  thus  laid  the  basis  of  stratigraphy  in 
Sweden.  Hisinger  (i 766-1825)  wrote  a  general  description  of 
the  mineralogical  relations  of  Sweden;  and  the  second  edition, 
soon  after  its  appearance  in  1808,  was  twice  translated  into 
German.  This  work  contains  a  historical  review  of  all  the 
facts  known  about  Swedish  rocks  up  to  that  date,  and  applies 
Werner's  systematic  arrangement. 

The  oldest  information  about  the  geography,  minerals,  and 
rocks  of  Norway  is  to  be  found  in  Erich  Pontoppidan's  Natural 


:  r5  32SrO&T  of  GEDLOGT  ASD  PALiEONTOLOCV. 

1753.    In  die  hfginniiig  of  the  nineteenth 

Jens  EsnuBcfay  coodocted  mtneial- 

J.  Im  Hansmann  travelled 

1S06  and  1807.    His  diief  aim  was  to 

fatncti  of  Sweden  and  Soothern  Nor- 

of  die  juuiULjf,  wfaidi  was  paUidied 

sc^viru  vQSRS  jaaLcawBBtB  a  faqgennmbcr  of  valuable  observa- 

:t«.n2$^  .»  :ae  '■iiap'.wX  jod  ores  of  tbese  districts.     It  also 

^^^.^cix^'s^  Ximkig  AaaapdoB  of  the  Cambrian  rods  near 

V.^ur:x3::x»£!aa■n5SBBSai»atIa^ncklI^  features 

was   die  first  sdentific 
of  die  granite  adove   the 
jmesBSBc  iimirVw  ia  the  neighbonrbood  of 
^^.*>;^T«n;«i.  OK  3IK  vsc  w^  tt'twiibcd  die  zircon  syenite  of 

^-*   ^^^WVwE  vmr  3Ub:^s  Jmrmn  ir  Jumta^  and  Lapland 

^k^- .\    <:v^   «ss  :»  wQKk  waK^  first  gvve  European  geolo- 

v>^^  ci*^  -.^s:c^  tKU-  :3tr  jgsngyjr  reosQpcal  structure  of  Norway. 

'"^.    -.  »x->   .\  T-.*^-  ^i^r"?^  csCT:ts  rarersed- and  the  authoi^s 

^\  ■  ->  -. .     --,    ^,.-rrw'v~r  *,  sr.-«irric  rrs^imricxis,  combined  to 

-^-     v    -,%  -X*    •*  >Lri.rc:r^rr-JL  Lc-rorCi  von  Buch  piassed 

V  '  .  *x^^^  ;  *v^;c  r>;  smr  •:  rv^rks.  and  the  while 
.  ^  V  ,%  V  -V,  r  j;n;  >i\-*vr:s^"^-  Tbtf  ^c^^meT  15  Christiania 
^A>,  .. -"^v  ,-1^'.  >^  .;.x\  :x'  -,xri  j^i±:-^  irrc^ss  the  Swedish 
v...\\.v  c.-x  Ss  -v.:>i  ,^  r>^  J".r.-sc-.i=.u  Fi*r*rd.  Von  Buch 
,-,%-.>'  "ivv  -  ..  .7^r.,..'.»  -  ^c^^-r:ir».ir  thii  r»ri:  ^nr.ite  but  gneiss 
^.i.x  V  '\•^^^'-..^.^*:'x:.  '•.VS.  rr  r\:>  i.scr::t  He  was  also 
^-..t.\  >£-,v<  >.  -n:  -o.r."o-^  x-ciT'-ic"  ii*i  innsitional  rock- 
V-»  ...  •^■^x  .1  v  *v  Of  v- >-:.:Ttr»i  *>ri:5w  He  cescnbed  the 
x.t  XV  X  ;.;v'n  ,%  %xx  f-  >»v^r^J^  :^t;  :*-i  p.Trr^-r*-  penetrated 
,v,-  ■  i.-wlvN^i  ■  ^^•rr.i.■or>  r<  ;^'«ii^  i.r»i  t£-:::x.  and  that  bc- 
.^^x-*^  '."I  -crri-v.  £;•>,  w"*"  ^CJ:*^.t  1  ►L'-p*  TTOiss  cic'  panite  rested 
i  .v^*  •A>5*i.:  V,x>  -  :.  >;:.*o-r.  :  TtriC.-o;  *  Tr-:i5  occurrence 
^.tx  f,  ,^vv  4?,:.:  ,\v  :•  's*^""  ^-^  rv  xvctcsr^bye  evidence 
;Njt:  •,  t  *  ;v  »t.x  rv\  ?tx  u,  -v^  v^,  ::;'C*-  r.  ill  esses  part  of 
;V  *^'.  .^  \v<.\^  f.\!.o%  fr.xv'^r  X'  <..  ^ --4:  :r  the  idea  of 
:V  *.  .N\*^^  ^Y-^  *  ,^  ;v  ,xY-,V'--:t.-  i->i  r-ir.::»c  series.  In 
**XNN  l^^.x^^•:  iw.^  :^.v"  :-i'v  uv.  :^v«;u^  :^^  T^arrSem  lerri- 
;.v  us  .V  N*^r«i>  Jtv^i  -  j;i^^-».'.  rl.  :."^.-v  ^io.C'ri:  ohserrations 
ai  Uw  XVxTf  loj^  X£,v^.^:i..*  :*  I'-^w.x  r.v  K  La>:e  Mjosen, 
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and  in  Gulbrand  Valley;  and  wherever  he  travelled  he  gave 
attention  to  the  climatic  conditions,  and  to  the  habits  and 
cultivation  of  the  people.  Near  the  town  of  Drontheim, 
Buch  saw  a  coarse-grained  diallage  rock,  which  he  afterwards 
recognised  again  in  the  Alps  of  Valais,  in  Tuscany,  the  Riviera, 
and  other  places;  he  described  it  under  the  name  of  "gabbro." 
He  observed  the  diallage  rock  together  with  slate  at  the  North 
Cape.  His  numerous  observations  on  upraised  beach  deposits 
round  the  northern  coast-line  of  Norway  led  him  to  conclude 
that  the  uprise  in  Sweden  had  been  greater  than  in  Norway, 
and  had  been  altogether  greater  in  the  north  than  in  the  south 
of  the  peninsula. 

In  Russia,  the  numerous  remains  of  land  mammals, 
especially  the  mammoth  and  rhinoceros,  had  long  attracted 
attention.  One  of  the  chief  aims  of  Johan  Georg  Gmelin's 
expedition  to  Siberia  was  to  look  for  complete  remains  of  these 
animals  and  bring  them  to  St.  Petersburg  {Reise  durch  Siberien, 
1752).  Pallas  was,  however,  the  scientist  who  most  success- 
fully carried  out  this  purpose,  and  his  works  were  the  means  of 
opening  up  to  science  the  geological  structure  of  the  vast 
Russian  empire.  The  collective  works  of  Georgi  and  Razu- 
mowsky,  as  well  as  the  first  geological  map  of  Russia  by 
Strangways,  are  largely  based  upon  the  researches  of  Pallas, 
and  partially  upon  the  independent  investigations  of  these 
geologists. 

G.  America^  Asia,  Auslralia,  Africa, — Although  no  country 
outside  Europe  bore  any  appreciable  part  in  the  construction  of 
the  early  framework  of  the  science,  it  was  a  matter  of  keen 
interest  to  geologists  to  compare  the  structures  ascertained  in 
Europe  with  those  in  other  regions  of  the  globe.  All  observa- 
tions of  the  mineral  constituents  and  structural  forms  in  other 
parts  of  the  world  were  much  valued  at  home,  and  in  many  cases 
were  employed  as  corroborative  evidence  in  favour  of  one  theory 
or  another.  In  the  beginning  of  the  nineteenth  century  but 
little  was  known  in  Europe  of  the  geology  of  foreign  parts,  yet 
what  was  known  sufficed  to  show  that  the  results  obtained  in 
Europe  were  in  harmony  with  geological  phenomena  elsewhere, 
and  might  therefore  be  regarded  as  a  sure  scientific  basis  for 
future  progress. 

The  errors,  the  false  hypotheses,  and  bitter  disputes  which 
had  retarded  the  growth  of  the  science  during  many  centuries 
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in  Europe,  were  spared  in  the  case  of  the  other  continents. 
In  them  the  knowledge  so  hardly  won  in  Europe  could  at 
once  be  adopted,  and  the  help  of  experienced  European 
observers  could  be  secured  in  carrying  out  pionoer  research 
elsewhere.  Thus  geological  data  furnished  within  a  few  years 
in  foreign  lands  could  often  bear  comparison  with  the  results 
that  had  demanded  many  decades  or  even  centuries  of  work 
in  the  European  territories.  Active  cooperative  research  in 
the  other  continents  did  not  commence  until  after  the  period 
with  which  this  introductory  chapter  deals. 

North  America  was  first  brought  into  the  field  of  geological 
science.  As  early  as  1752,  Guettard  had  examined  a  collec- 
tion of  Canadian  fossils,  and  had  tried  to  a[^ly  to  North 
America  the  sedimentary  horizons  which  he  had  erected  for 
Europe.  He  had  gone  so  far  as  to  construct  a  hypothetical 
map  showing  the  distribution  of  the  various  rock^brmations 
whose  existence  he  had  surmised. 

Of  another  character  were  the  investigations  of  the  Scots- 
man, Maclure  (1763- 1840),  who  had  been  trained  as  a 
mineralogist  by  Werner.  Maclure  published  in  1809  a  treatise 
and  a  map  on  the  geology  of  the  United  States  (Trans,  Amer. 
Phil.  Soc).  He  distinguished  the  rock-formations  according  to 
Werner's  system,  and  showed  that  the  primitive  rocks  pre- 
dominate on  the  north  and  west  of  the  Hudson,  and  form  the 
basement  in  the  New  England  States;  the  transitional  forma- 
tions repose  upon  the  primitive  rocks  and  extend  far  west  to 
the  Mississippi,  where  the  Flotz  or  younger  sedimentary  forma- 
tions begin.  Maclure  also  gave  a  clear  exposition  of  the 
distribution  of  the  Carboniferous  formation  in  the  Alleghanies, 
in  Pennsylvania,  and  in  the  West,  of  the  absence  of  trap-rocks 
in  the  Flotz  formation,  and  the  absence  of  porphyry,  vesicular 
rocks,  and  basalt  in  the  whole  eastern  district  of  the  United 
States.  He  fully  realised  and  depicted  the  simplicity  and  the 
gigantic  scale  of  geological  structures  in  the  United  States. 

Maclure's  comprehensive  survey  of  the  geology  of  North 
America  overshadows  the  many  smaller  works  on  local  strati- 
graphical  details,  such  as  those  of  Jefferson,  Gibbs,  Bruce, 
Silliman,  and  others. 

Long  before  geological  research  had  begun  in  North  America, 
however,  the  presence  of  mammalian  remains  similar  to  those 
of  Siberia  had  been  discovered.  Dr.  Mather,  in  17 12,  reported 
in  a  letter  to  Woodward  the  presence  of  bones  of  enormous 
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size  near  Albany  (New  York),  and  surmised  that  they  must 
have  belonged  to  a  race  of  giants.  In  1739,  a  French  officer, 
Longueil,  brought  back  to  Paris  fossil  bones  and  teeth  found 
in  a  marsh  near  Ohia  Daubenton  and  Buffon  identified 
the  bones  as  Elephas  and  the  back  teeth  as  Hippopotamus 
remains.  More  complete  fossil  remains  were  discovered  by 
Croghan  and  Peale,  and  the  restoration  of  a  skeleton  was 
attempted.  Cuvier,  with  his  customary  insight,  recognised  in 
this  an  extinct  genus  of  Proboscidas,  to  which  he  gave  the 
name  of  Mastodon.  His  great  work  on  Mastodon  gives  a  full 
account  of  all  the  remains  of  this  extinct  genus  that  had  been 
found  up  to  that  time  in  North  America. 

In  a  cave  in  West  Virginia,  Jeffersoti  discovered  along  with 
Mastodon  remains  the  extremities  of  another  diluvial  animal. 
Cuvier  examined  these,  and  referred  them  to  a  gigantic  genus 
(Megalonyx)  belonging  to  the  Edentates. 

Throughout  Mexico,  Yucatan,  Bolivia,  Peru  and  Chili,  fossil 
bones  of  enormous  size  had  been  frequently  found  during  the 
sixteenth  and  seventeenth  centuries.  In  1789,  Loretto,  the 
Regent  of  Buenos  Ayres,  sent  a  complete  skeleton  of  one  of 
these  fossil  animals  to  Madrid,  and  shortly  after,  two  other 
skeletons  were  sent  from  Lima  and  Paraguay.  These  were 
described  by  J.  Garriga  under  the  generic  name  of  Mega- 
therium; they  were  found  to  belong  to  the  Edentates,  and, 
like  Megalonyx,  to  the  sub-order  Gravigrada.  Garriga's  iden- 
tification was  afterwards  confirmed  by  Cuvier.  Tlie  first 
remains  of  a  Glyptodon,  another  of  these  heavily-built  fossil 
Edentates,  are  mentioned  by  the  Jesuit  Falkner  in  the  account 
of  his  travels. 

Alexander  von  Humboldt's  observations  were  the  earliest 
contribution  to  the  geology  of  Central  America.  This  great 
geographer  applied  Werner's  system  of  rock-formations,  and 
wherever  he  travelled  in  Central  and  South  America  identified 
the  rocks  in  accordance  with  Werner's  petrographical  teaching. 
He  thought  that  the  distribution  of  the  rocks  in  these  regions 
fully  confirmed  Werner's  chronological  succession  of  the  groups 
of  formations. 

In  Asia,  the  pioneer  work  of  Pallas  in  Siberia  and  the  Urals 
was  continued  by  Patrin,  who  published  in  1783  the  Account 
oj  his  Travels  in  the  Altai  Mountains.  The  geological  struc- 
ture of  Central  and  Southern  Asia,  Australia,  and  Africa  was 
still  a  blank  in  the  beginning  of  the  nineteenth  century.     The 
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few  reports  that  had  been  given  by  travellers  merely  con- 
firmed the  presence  of  volcanoes  in  one  locality  or  another, 
or  mentioned  the  occurrence  of  the  more  striking  varieties  of 
rock. 

Progress  of  Petrography —Neptumsts^  Volcanists^  and  Piu- 
tonists, — In  the  older  mineralogical  literature  the  rocks  also 
received  a  passing  notice.  As  a  rule,  authors  limited  these 
remarks  to  a  description  of  their  external  features.  Cronstedt 
removed  them  from  this  subordinate  position,  and  paved  the 
way  for  Werner's  creative  work  in  establishing  the  study  of  the 
rocks  as  an  independent  branch  of  Geognosy.  Werner's 
classification  and  description  of  rock-varieiies,  published  in 
1786,  comprised  all  existing  knowledge  of  rocks,  and  replaced 
the  vague  conceptions  of  former  years  by  a  series  of  exact 
definitions  and  the  introduction  of  a  new,  precise  nomen- 
clature. Werner  distinguished  simple  and  composite  rocks; 
the  former  were  discussed  both  as  minerals  and  rock-forms, 
e.g.  quartz,  gypsum,  salt,  etc.,  the  latter  were  identified  and 
classified  according  to  their  mineralogical  composition  and 
their  age,  e.^,  granite,  basalt,  sandstone,  marl,  etc. 

Each  rock  was  defined  in  respect  of  its  texture,  stratigraphical 
position,  jointing,  age,  origin,  and  occurrence.  In  the  case  of 
composite  rocks,  the  essential  components  were  distinguished 
from  the  accessory  and  the  rock  was  classified  solely  u|>on  the 
ground  of  the  essential  components. 

The  rapid  advance  of  petrographical  knowledge  during  the 
first  two  decades  of  the  nineteenth  century  was  undoubtedly 
the  direct  result  of  Werner's  precise  methods.  All  observers 
during  those  decades  gave  marked  attention  to  the  determina- 
tion of  petrographical  features.  Saussure*s  descriptions  of  the 
crystalline  massive. and  schistose  rocks  in  the  Swiss  Alps  can 
scarcely  be  surpassed.  Monographs  apjxjared  from  time  to 
time  on  special  varieties  of  rock.  Faujas  de  Saint-Fond,  for 
example,  wrote  a  monograph  on  the  "trap-rocks,"  in  which  he 
showed  how  loosely  this  name  had  been  applied  in  the  litera- 
ture, so  that  rocks  of  many  different  kinds  were  embraced 
under  it. 

Perber  and  Dolomieu  investigated  the  volcanic  products  of 
Southern  Italy.  Desmarest,  Faujas,  and  others  examined  the 
Egyptian  porphyries  and  so-called  basalts.  Leopold  von 
Buch  introduced  the  name  of  gabbro^  and  described  leuciU 
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iavas  and  trap-porphyry  (trachyte)  in  detail;  while  Hauy 
introduced  the  names  of  pegmatite^  diorite^  trachyte^  aphaniie^ 
euphotide^  kptinitt, 

Brongniart  attempted  a  complete  classification  of  rocks  in 
1 813,  and  introduced  the  terms  diabase^  melaphyre^  psammite^ 
etc.  Fleurien  de  Bellevue  and  Cordier  made  use  of  the  micro- 
scope for  the  identification  of  the  components  in  powdered 
specimens,  but  with  little  success. 

The  advances  made  in  these  early  decades  practically  repre- 
sented the  progress  that  could  be  attained  by  the  use  of 
Werner's  method.  A  new  era  began  for  this  branch  of  geology 
when,  in  later  years,  the  microscope  was  applied  to  the  examina- 
tion of  thin  rock-sections  by  transmitted  light. 

Very  great  interest  centred  round  the  origin  of  the  massive 
crystalline  and  schistose  rocks,  and  widely  divergent  opinions 
were  held.  The  Neptunists  thought  that  all  rocks,  with 
the  exception  of  products  from  active  volcanoes,  were  of 
aqueous  origin.  At  first  the  Neptunists  and  Volcanists  dis- 
puted only  the  origin  of  basalt,  which  Tobern  Bergman,  and 
afterwards  Werner  and  his  school,  regarded  as  a  sedimentary 
rock.  Almost  all  French  geologists  had  studied  basalt  in 
Auvergne,  Velay,  Vivarais,  or  in  Ireland,  and  adopted  the 
view  of  Desmarest  and  Faujas  de  Saint-Fond,  that  basalt  was 
a  volcanic  product. 

In  Germany,  Werner's  personal  influence  kept  alive  Nep- 
tunian doctrines  even  against  sharp  attacks  like  those  of  Voigt 
(p.  83).  Not  a  few  of  the  German  geologists  began  to  assume 
an  intermediate  position.  Beroldingen  tried  to  unite  the 
opposite  opinions  by  suggesting  that  basalt  owed  its  origin 
to  volcanism,  but  its  form  to  water.  The  basaltic  magma  had 
solidified  on  the  bed  of  the  ocean,  and  its  pillared,  sheet-like, 
spheroidal,  or  crystalline  form  had  been  developed  under  the 
influence  of  water  and  hot  vapours.  In  favour  of  this  view, 
Beroldingen  cited  the  local  occurrence  of  Ammonites,  Gryph- 
ites,  and  Belemnites  in  basalt.  This  observation  was,  however, 
afterwards  found  to  have  been  erroneous.  Yet  in  the  course 
of  his  discussion,  Beroldingen  gave  expression  to  many  valu- 
able remarks  about  volcanic  ejecta  and  the  disintegrating 
changes  undergone  by  volcanic  rocks.  C.  W.  Nose,  an 
observer  who  greatly  advanced  the  geology  of  the  Lower 
Rhine  provinces  of  Prussia,  was  of  the  opinion  that  basalt 
and   porphyry  originated   as  sedimentary  deposits,   but  were 
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subsequently  more  or  less  altered,  sometimes  even  fused  and 
rendered  glassy  or  slaggy. 

When,  after  Werner's  death,  his  two  most  famous  pupils, 
Ix^pold  von  Buch  and  Alexander  von  Humboldt,  declared 
themselves  in  favour  of  the  volcanic  origin  of  basalt,  the 
defeat  of  the  strict  Neptunists  was  sealed.  A  historical  account 
of  the  whole  question  of  basalt,  and  the  disputes  between 
Neptunists  and  Volcanists,  may  be  read  in  Keferstein's 
Contributions  to  the  History  and  Knowledge  of  Basalt  (1819). 

But  Neptunian  doctrines  still  continued  to  be  accredited  for 
granite,  syenite,  gneiss,  and  other  members  of  the  holo- 
crystalline  series.  Descartes,  Leibnitz,  and  Buffon  had  cer- 
tainly explained  the  primitive  earth-crust  as  the  result  of 
cooling  from  a  molten  mass,  but  they  had  made  no  attempt 
to  explain  the  origin  of  the  various  kinds  of  primitive  rock. 
It  was  generally  supposed  that  granite,  gneiss,  schist,  porphyry, 
phonolite,  and  similar  rocks  were  chemical  precipitates  separated 
from  a  primitive  ocean  strongly  impregnated  with  mineral  sub- 
stances. Therefore  Von  Fichtel,  writing  in  the  end  of  the 
eighteenth  century,  showed  an  exceptionally  enlightened  spirit 
among  German  geologists  when  he  included  not  only  basalt 
but  all  granitoid,  gneissose,  schistose,  and  doleritic  series  as 
igneous  in  their  origin.  Fichtel  distinguished  two  kinds  of 
volcanic  mountains — (a)  those  which  consist  of  immense 
uniform  masses,  sometimes  building  up  a  whole  mountain- 
chain,  and  {p)  those  in  which  rocks  of  different  constitution 
alternate  with  one  another  in  a  stratified  way  (lava,  ashes, 
rapilli,  etc.).  He  described  the  homogeneous  masses  as  having 
risen  without  any  violent  phenomena  of  eruption,  and  having 
penetrated  the  crust  at  the  places  of  least  resistance ;  whereas 
the  others  were  produced  by  successive  eruptions,  during  which 
the  ejected  material  gathered  in  conical  form  round  the  craters 
of  eruption. 

But  the  great  founder  of  the  Plutonic  school  was  James 
Hutton.  According  to  Hutton,  heat  is  the  most  powerful 
agent  in  the  origin  of  rocks.  The  heat  that  pervades  the  lower 
horizons  of  the  crust  converts  all  rock-material  into  a  molten 
magma.  Under  the  superincumbent  weight  of  the  younger 
sedimentary  rocks  and  the  ocean,  mineralogical  combinations 
can  take  place  which  would  not  be  possible  at  the  surface 
under  conditions  of  normal  pressure  and  rapid  cooling.  The 
primitive  schists  and  limestones  have  been  produced  from  a 
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molten  mass  in  this  way;  granite,  porphyry,  trap,  basalt,  and 
similar  rocks  were  pressed  up  by  subterranean  heat,  but  did 
not  reach  the  sutface ;  they  were  intercalated  as  subterranean 
eruptive  masses  partially  between  pre-existing  sedimentary 
rocks,  or  they  spread  as  extensive  sheets  of  rock-magma  on 
the  ocean-floor.  Notwithstanding  the  strong  support  given  to 
Hutton's  theory  by  his  friends  and  adherents.  Hall,  Playfair, 
and  Watt,  the  theory  of  the  Scottish  genius  found  little  recog- 
nition in  his  life-time.  The  Plutonic  doctrines  were  slow  to 
plant  their  roots  in  geological  literature,  and  it  was  not  until 
the  third  decade  of  the  nineteenth  century  that  they  were 
universally  accepted. 

Pcdaontology, — The  first  two  decades  of  the  nineteenth 
century,  which  were  remarkable  for  the  great  advances  in  i' 
petrography,  were  less  fruitful  in  the  domain  of  palaeontology.  \ 
In  Germany,  the  Wernerian  school  was  almost  wholly  absorbed 
in  the  study  of  rocks,  and  the  petrified  remains  of  plants  and 
animals  were  in  a  measure  neglected.  The  splendid  work  of 
Walch  and  Knorr  had  been  followed  by  Schroter's  Introduction 
to  the  Knowledge  of  Rocks  and  Fossils,  the  value  of  which  rested 
chiefly  upon  its  bibliographical  merits  (1774-84). 

The  famous  Gottingen  zoologist,  Blumenbach,  published  in 
1803  and  1816  two  short  treatises  on  fossils.  He  sub-divided 
fossils  into  four  groups:  (i)  Fossils  identical  with  existing 
species  still  represented  in  the  same  localities  where  the  fossil 
forms  existed ;  (2)  fossils  identical  with  existing  species,  but 
not  with  those  at  present  inhabiting  the  particular  localities 
where  the  fossils  occur;  (3)  fossils  indicative  of  some  great 
climatic  change  in  the  localities  where  they  are  found — e.g,, 
cave-lion,  rhinoceros,  etc.,  which  resemble  but  are  not  identical 
with  living  species;  (4)  marine  fossils  belonging  to  extinct 
species,  and  showing  that  the  earth  was  once  covered  by  the 
ocean. 

It  seems  surprising  that  such  crude  and  superficial  concep- 
tions of  fossil  groups  should  have  been  formulated  by  a 
zoologist  of  the  reputation  of  Blumenbach,  yet  such  was  his 
fame  that  his  opinions  received  far  more  attention  than  they 
deserved. 

Baron  Ernst  von  Schlotheim  (i  764-1832)  was  one  of  the  few 
adherents  of  Werner  who  devoted  himself  to  the  study  of 
fossils.     His  first  work,  published  at  Gotha  in   1804,  was  a 
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aKmognph  of  the  pianl  inpnanoos  in  the  Cauixxiiferoas  forma- 
tioQ  oo  the  Tharu^Bn  <Tiilfw1\  and  was  quite  the  best  w(»rk 
oo  fossS  plants  that  had  appeaicd>  SchWheim  oondaded 
that,  in  spite  of  the  iryHhnce  betwecu  the  tree-ferns  of  the 
Carfoooiferoas  formation  and  oertann  East  Indian  and  American 
ferns^  the  fossil  tjpes  belonged  to  extinct  genera  and  species. 
The  same  was  he  said,  troe  far  the  other  forms  of  Carbon- 
iferous pbntSi  and  it  was  possibie  diat  the  fossQ  flora  of  the 
Carbonifefoos  epoch  leproented  a  wholfy  exUmii  fiami-world. 
Schlotheim  left  it  an  open  qoesdon  whether,  in  diiscase^  the  fossil 
genera  had  <fied  out,  or  whether  dieir  descendants  had  become 
so  much  modified  that  they  could  scarody  be  recognised  as 
such. 

Schlotheim's  later  work,  hb  Ikir^akiemhmit^  pnUished  in 
iS2o,  enumerated  and  described  the  fossil  ^lecimens  in  his 
private  collection.  At  the  same  time,  in  its  pbp  it  formed  a 
continuatioo  of  his  prerioos  work,  and  the  fifteen  qnarto  plates 
of  the  Carboniferous  flora  were  inoxporated,  together  with 
twenty-two  new  pbtes,  to  illustrate  the  larger  work.  The 
pbtes  were  admirahly  carried  out,  and  the  specimens,  which 
included  all  t\-pes  of  animal  life,  were  for  the  first  time  in 
(lermany  named  according  to  the  binomial  nomenclature. 
Hence  the  work  has  had  a  permanent  value  in  literature, 
although  it  is  true  the  descriptive  text  is  often  insufficient,  and 
a  species  can  be  identified  only  by  comparison  with  Schlot- 
heim's  originals,  which  have  been  preserved  in  the  Berlin 
Museum. 

Faujos  de  Saint-Fond's  works  on  fossil  organisms  can  scarcely 
be  compared  with  those  of  Schlotheim.  The  first  volume  of 
his  Essay  on  GtoJogy  (Paris  1S03)  is  devoted  almost  exclu- 
sively to  fossils.  But  he  held  the  narrow,  antiquated  opinion 
that  the  great  majority  of  fossil  forms  represented  existing 
s{)ecies  of  plants  and  animals,  while  the  few  forms  for  which 
no  living  analogues  were  forthcoming  probably  belonged  to 
species  now  living  in  unexplored  portions  of  the  globe. 

Defrance  was  one  of  the  most  industrious  and  careful  of  the 
early  palajontographical  annotators.  In  his  Sketch  of  Fossil 
Orj^anisms  (Paris,  1824)  he  gave  a  short  account  of  all  known 
fossils,  with  accurate  mention  of  their  localities  and  state  of 
preser\*ation.  Between  18 16  and  1S30  he  contributed  to  the 
Dictionary  of  Natural  Science  numerous  treatises  on  fossil 
f        'nifcrs,  corals,  molluscs,  annelids,  and  cchinids. 
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In  England,  with  the  exception  of  Woodward's  "Catalogue" 
of  the  collection  now  preserved  in  Cambridge,  there  was  no 
general  work  on  fossils.  James  Parkinson  tried  to  supply  this 
deficiency  in  his  work.  Organic  Rttnains  of  a  Former  World 
(1804-11);  the  epistolary  style  was  selected  as  the  most  easy 
of  comprehension,  and  the  most  likely  to  stimulate  popular 
interest  in  fossils.  The  first  volume  gave  in  forty-eight  letters 
a  short  history  of  palasontological  knowledge,  an  account  of  the 
various  views  about  fossils  or  '*  Medals  of  Creation  "  (a  name 
which  Parkinson  and  others  had  adopted  from  Bergman), 
and  a  discussion  of  the  surface  forms  and  physical  constitution 
of  the  earth.  Peat,  lignite,  brown-coal  and  coal,  buried  woods, 
bitumen,  eta,  were  then  described  according  to  their  pro- 
perties, their  mode  of  occurrence,  state  of  preservation,  and 
the  changes  they  had  passed  through.  The  various  fossil 
woods,  leaf-impressions,  ferns,  stems,  branches,  and  fruits 
belonging  chiefly  to  Carboniferous  and  Tertiary  times  were 
enumerated  and  compared  with  existing  types ;  nine  coloured 
quarto  plates  complete  this  volume. 

Parkinson  shared  in  great  measure  the  older  conceptions  of 
the  **  diluvialists  "  about  the  origin  of  fossils;  the  comparison 
of  fossil  and  living  forms,  which  he  carried  out  in  collaboration 
with  the  botanist,  J.  Edward  Smith,  led  him  to  the  conclusion 
that  the  most  of  the  fossil  plant  types  were  the  products  of  a 
warmer  climate.  Parkinson  unfortunately  made  no  attempt  to 
identify  the  fossil  plants  according  to  genus  and  species,  nor 
did  he  use  the  Linnaean  method  of  nomenclature.  Hence  his 
work  on  fossil  plants  is  distinctly  behind  the  almost  con- 
temporaneous publication  of  Schlotheim. 

The  second  volume  treats  of  corals,  sponges,  and  crinoids, 
and  comprises  twenty-nine  letters  and  nineteen  plates.  The 
Linnaian  method  of  nomenclature  was  introduced  into  this 
volume,  but  was  not  carried  uniformly  through  the  work. 
In  the  third  volume,  with  22  plates,  Parkinson  had  the 
advantage  of  fuller  reference  literature.  He  could  refer  to  the 
works  of  Klein  and  Leske  on  Echinoderms,  to  the  writings  of 
I-amarck  on  Molluscs,  to  the  result  of  Cuvier*s  investigations 
on  Vertebrates.  We  find  the  author's  views  considerably 
expanded  in  this  volume,  wherein  he  becomes  more  and  more 
convinced  that  numerous  fossil  species  belonged  to  extinct 
forms  of  life.  Moreover,  the  influence  of  William  Smith's 
researches  had  spread  amongst  English  geologists,  and  taught 
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them  the  daniioldpcil  wii  ■iim  of  the  itatau  PiikiiMun 
finally  expienal  his  bdief  tfnttbellasKaecoantaf  Cieation 
coulit  isnlv  be  accrpterf  n  tts  genecai  intEnt;  that  the  ^dajs" 
of  die  BtbBcal  atcoant  bt  teaitty  mriSrafifft  lety  Dong  periods  of 
erne  in  die  denelopoKat  of  tbe  eaEtlL    A  niinii— j  of  Fukin- 

tbetide  6[  Omiiime 


A  fevof  tbe 

<ievcced  to  the  lariom  iniwil  types  leaqrbe 

In  the  class  of  Pkocaaoa,  fbanl  NmmummBiu  hsd  been  knovn 
to  the  ancientiL  Hefodotni  bsd  mcntiancd  tbeir  occufieuoe 
in  Egypc  and  Smbo  bad  compared  tbem  widilentfliL  Cooiad 
Gtfg*er  (1565)  described  tbe  first  Nommalites  knovn  in 
Ecr^ce:  they  were  foand  in  tbe  neigbbourbood  of  Paris,  and 
riferrrC  to  :r.e  Ammonites.  Aldrovandi  regarded  them  as 
socrts  zi  ni:ure-  and  Kircher  described  them  under  the  name 
ci  ^  c^kT^L-K^."^  *  or  "  cummin  "  stones.  Good  descriptions  and 
iIIusn-i::or.s  of  Swiss  Nummulites  were  given  by  Scheuchzer 
and  l^ing,  and  after  that  time  they  were  included  in  all 
collective  works  on  fossils  under  various  names — discoliths, 
helmintholites,  helicites,  nummulites,  lenticulites.  Special 
papers  were  m-ritten  upon  them,  but  authors  failed  to  arrive  at 
any  clear  understanding  about  their  zoological  position.  As  a 
rule  they  were  associated  with  Nautilus  and  the  Ammonites,  but 
they  were  sometimes  regarded  as  worms  (De  Saussure),  or  as 
the  inner  shells  of  molluscs  (Fortis,  De  Luc). 

In    1711    J.    n.   Beccari  discovered    the   first  small   fossil 

foramintfcrs  in  ihc  Tertiary  sand  of  Bologna,  and  compared 

them  later  (1731)  with  the  small  shells  found  by  Janus  Planchus 

(Hianchi)  on  the  beach  of  Rimini.     In  1791  Soldani  published 

his  excellent  work  on  the  foraminifers  from  the  Tertiary  strata 

of  Siena;  the  figures  show  the  specimens  many  times  enlarged. 

I'uhtel  and  Moll  pre{)ared  a   monograph,  with   twenty-four 

roloured  plates,  showing  all  foraminifers  known  up  to  1803,  the 

date  of  publication,  and  Hatsch  gave  a  number  of  clear  illustra- 

liop'    "  different  genera  and  si)ccies.    Nothing  was  known  about 

I  of  the  foraminifers;  the  whole  literature  confined 

ription  and  classification  of  the  shells. 
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Good  illustrations  of  sponges  appeared  in  the  pictorial  works 
of  the  seventeenth  and  eighteenth  centuries,  but  they  were 
generally  termed  pelagic  plants  or  fruits,  or  were  included  with 
corals  and  bryozoa,  under  such  names  as  corallioliths,  alcyonias, 
fungi  tes. 

Guettard  was  the  first  to  publish  a  more  detailed  investiga- 
tion of  fossil  sponges.  His  researches  were  not  confined  to 
the  description  of  external  features,  but  made  a  careful  note  of 
the  inner  construction,  the  canals  and  openings.  At  first 
Guettard  rightly  compared  the  fossil  specimens  with  existing 
sponges,  afterwards  he  placed  them  with  corals,  but  ultimately 
returned  to  his  first  idea  that  they  were  sponges.  His  treatises 
are  accompanied  by  good  figures,  and  undoubtedly  rank  as  the 
best  contributions  to  the  older  literature.  Parkinson  included 
the  fossil  sponges  with  alcyonarians ;  he  gave  careful  descrip- 
tions and  very  good  illustrations  of  a  number  of  Cretaceous 
and  Jurassic  forms,  but  made  no  attempt  at  systematic  treat- 
ment; in  his  later,  smaller  work,  Parkinson  compared  some 
forms  with  sponges,  others  with  alcyonarians,  and  Schlotheim 
took  much  the  same  standpoint. 

Fossil  corals  were  figured  by  Knorr  and  Walch,  and  by 
most  of  the  early  writers  on  palaeontology.  Linnseus  gave 
the  Silurian  coral  fauna  of  Gothland  to  one  of  his  students, 
Fougt,  to  be  described,  and  Guettard  published  detailed  works 
on  fossil  corals  from  the  Dauphin^  and  other  parts  of  France. 
The  fine  illustrations  of  Parkinson  represented  more  especially 
the  coral  types  of  the  older  strata  in  England  and  Scandinavia. 
Schlotheim  also  described  a  large  number  of  species  under  the 
vague  generic  titles  of  Fungites,  Porpites,  Hypurites,  Madre- 
porites,  Milleporiles,  and  Tubiporites.  On  the  whole,  the 
study  of  fossil  corals  was  limited  to  external  features;  little  was 
known  about  the  organisation  of  recent  corals,  and  the  syste- 
matic arrangement  had  no  secure  basis. 

The  knowledge  of  crinoids  had  reached  a  more  favourable 
stage  of  advancement.  The  older  authors  in  the  sixteenth  and 
seventeenth  centuries  occasionally  figured  the  stems  and  crowns 
of  crinoids  under  the  terms  of  trochite,  entrochite,  encrinus, 
pentacrinus,  or  under  such  popular  terms  as  fossil  "wheels," 
"lilies,"  "pennies,"  etc.  The  classificatory  position  of  fossil 
crinoid  remains  continued,  however,  quite  indefinite  until 
Rosinus  in  1718  demonstrated  their  affinities  with  existing 
representatives  of  the  EuryaUcCy  an  Ophiuroid  family.    Ros\\av\s 
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in  his  txeatue  ^inipeil  i  im  TiiwiHy  tftt  dhcfanl  ciinuM  stems 
were  not  inift'prmliieut  imfisuiinfi^  as  ftod  bcoi  ciiQucoaslj 
sippooed,  and  gave  Gampfece  ii'i^i  wiifjeMg  «f  scfcnl  genera, 
more  e^pedaily  of  tbe  genns  ^J^'"^*"— ^ 

The  first  example  of  a  Ibring  PkodcznaB  came  bom  Mar- 
tiniqne^  and  was  ifryrtheif  bf  GiwHaHi^  wko  hHj  recognised 
the  rdatkxuidQ  cltbtteseat^ggaamt^  cadferioniis  in  the 

Schnlze  and  BarkliMijn  added  saftmble  dtta  to  the  inresti- 
gation  and  rrlarirswhip  of  KalBits  as  lie  oinoids  were 
Gommonly  designated;  wfaSe  BfaoBealmck  cUsaifad  them  in 
near  rriatiotwhip  to  the  opfamraidi  (fariideslais)  and  asteroids 
(star-fishes).  But  the  fimder  of  the  more  scientific  liteiature 
of  crinoids  was  MSler  of  Dmn^  who  pafalidied  in  1821 
his  fiunoos  wock,  Ifmimrmi  Maimj  §f  JSir  Crimmka  «r  lify- 
skafed  Animals,  MiDer  not  onlj  gave  admirable  descriptions 
of  a  number  of  preyioosly  unknown  species  from  die  Carbon- 
iferous limestones  of  Ireland  and  the  Upper  Silurian  limestones 
of  Dudley,  but  also  proposed  a  dear  terminology  for  the 
individual  parts  of  the  calyx,  the  arms,  and  the  stem  or 
column. 

In  the  case  of  the  important  class  E^htnoidea  (Sea-Urchins), 
contributions  to  the  literature  of  fossil  and  existing  forms 
practically  kept  pace  with  one  another.  The  first  systematic 
treatment  of  the  Echinoidea  was  published  as  early  as  1732  by 
John  Philip  Breyn  of  Danzig.  In  his  work  all  known  living 
and  fossil  forms  were  grouped  under  seven  genera.  Two  years 
later  Klein's  Dispositio  Echinodtrmatum  appeared,  and  Leske 
in  1 778  prepared  a  second  and  enlarged  edition  of  this  impor- 
tant work.  The  Klein- Leske  classification  recognised  twenty 
genera,  the  names  of  which  have  only  been  partially  continued 
in  the  literature.  The  works  of  Breyn  and  Klein  have  both 
sustained  their  reputation  in  zoological  and  palaeontological 
literature. 

lossil  molluscs  were  always  awarded  a  large  amount  of 
nltontion  owing  to  the  remarkable  number  of  species,  the  wide 
rniiK<*  of  distribution  and  favourable  preservation  of  the  shells. 
l-'inHJl  ro))halopods  were  figured  in  the  older  works  of  the 
fiitvrn(<H?nth  and  eighteenth  centuries,  as  a  rule  under  the 
•lAHic^N  of  l>elemnites,  nautilitcs,  ammonites,  and  orthoceratites. 
CiSNtropods  or  Snails  were  sub-divided  into  numerous 
of  somewhat   indefinite  characters— ^^.,   Dentalites, 
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Patellites,  Volutites,  and  others;  the  Mussels  or  Conchifera 
with  which  Brachiopoda  and  Cirripedia  used  to  be  included, 
were  grouped  under  various  generic  names — e,g.^  Myacites, 
Tcllinites,  Pectinites,  Gryphites,  etc  Brachiopods  were  termed 
"conchae  anomiaj"  or  "Anomites,"  following  the  precedent  of 
Fabio  Colonna. 

The  Systematic  Conchology  of  Denis  de  Montfort  (1808-10) 
contained  several  new  genera,  chiefly  of  cephalopods,  but  the 
descriptions  were  extremely  meagre.  The  more  meritorious 
work  of  Brugui^res,  in  the  Encychp^die  Mkthodique^  on 
living  and  fossil  molluscs  and  brachiopods,  was  unfortunately 
cut  short  by  the  premature  death  of  the  author. 

Lamarck^  was  the  great  reformer  and  founder  ot  scientific 
conchology.  He  published  in  the  Annaies  du  Mus'eum  a 
monograph  of  the  Tertiary  mollusca  of  the  Paris  basin,  with  a 
good  series  of  plates ;  and  in  his  Natural  History  of  Inverte- 
brate Animals  he  defined  the  numerous  genera  and  species  of 
invertebrate  animals  with  masterly  skill  and  precision,  and  laid 
down,  more  especially  for  mollusca,  a  systematic  basis  which 
held  its  place  for  several  decades. 

Another  work,  almost  as  important  for  the  knowledge  of 
fossil  mollusca,  although  of  far  less  scientific  depth  than 
Lamarck's,  was  the  Mineral  Conchology  of  Great  Britain^ 
begun  by  James  Sowerby  in  the  year  181 2,  and  completed  by 
his  son,  James  de  Carle  Sowerby,  between  1822  and  1845. 
It  is  an  illustrated  catalogue  of  all  the  fossil  mollusca  occur- 

^  Jean  Baptiste  de  Monet,  Chevalier  de  Lamarck,  born  1744  at  Buz- 
antin,  near  Bapaume  (Somme),  distinguished  himself  early  in  the  army 
career  which  he  had  chosen,  but  was  wounded  and  had  to  take  up  another 
callinf; ;  he  then  studied  medicine,  working  in  a  bank  to  provide  a  means 
of  livelihood,  and  devoted  himself  with  enthusiasm  to  botany,  physics,  and 
chemistry.  In  1773  he  published  a  French  Flora^  in  1778  was  appointed 
CustcKlian  of  the  Botanical  Gardens,  and  when  he  was  in  his  fiftieth  year 
was  elected  to  the  Professorship  of  Zoology  in  the  Museum,  an  appoint- 
ment which  he  held  until  his  death  in  1829.  In  1801  he  published  his 
System  of  Invertebrates^  and  between  the  years  1815-22  his  greatest  work, 
the  Natural  History  of  Invertebrate  Animals.  A  second  edition  of  this 
work  appeared  in  1836,  with  additions  by  Deshayes  and  Milne-Edwards. 
In  his  Philosophy  of  Zoology,  Lamarck  gave  all  the  weight  of  his  know- 
Ictlgc  and  experience  to  the  support  and  elucidation  of  the  Theory  of 
Descent  and  Specific  Variation.  As  is  well  known,  Lamarck  held  that 
acrjuired  characters  could  be  transmitted  to  descendants,  and  become  per- 
manently established  in  the  race.  These  ideas  met  at  first  with  great 
opposition,  and  only  received  sup(>ort  in  more  recent  years.  His  ad- 
herents at  the  present  day  form  the  so-called  Neo-LamaicV\aiv  «^Qo\. 
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ring  in  Gfctt  Bbuml  The  n  loiumei  mppaand  in  partSi 
and  comprise  604  ikmlj-dniwn  coloured  plates  witii  ex- 
planatorj  texL  The  material  is  not  ananged  in  any  systematic 
order,  the  descripcioos  and  figures  have  dearly  been  prepared 
in  the  soccessioa  in  which  the  qpedmens  came  into  the 
hands  of  the  authors  A  work  of  this  character  could  not 
have  a  very  h^  scientific  valuer  yet  both  the  Sowerbys 
were  inde£iti^ble  o^lecton^  good  ooodiologists,  and  expert 
draughtsmen,  and  dieir  work  Sd  moch  to  advance  the  study 
of  fossils. 

Among  die  monographs  that  appeared  abont  this  time,  one 
of  the  best  was  J.  C  li.  Reinecke's  M^mograph  0/  the 
Ammonites  octrnwring  m  Cotmrg  mmd  Framimua  (r8i8),  a  work 
describing  and  figuring  forty  species  of  cephakyods  from  the 
Jurassic  and  Triassic  limestones  of  that  area.  Another  valu- 
able local  work  was  that  of  Brocchi  on  the  Tertiary  moUusca 
of  Italy,  Comchylialogia  fossile  smbapemnlma  (Milan,  1811). 

Very  little  was  known  about  fossil  Arthropods  up  to  the 
year  1820.  Fossil  crabs  had  been  found  in  the  lithographic 
shales  of  Bavaria  and  the  Tertiary  strata  of  Upper  Italy  and 
Tranquebar;  trilobites  had  been  found  in  England,  Sweden, 
and  Bohemia,  and  occasionally  insects  had  been  recognised 
and  figured  in  the  older  palseontological  works.  But  no 
thorough  scientific  investigation  of  any  group  of  arthropods 
had  been  undertaken. 

Fossil  Fishes  play  a  not  unimportant  rote  in  the  history  of 
geology  and  palaeontology.  The  teeth  of  sharks  had  led 
Palissy  and  Steno  to  correct  conceptions  about  the  significance 
of  fossils,  and  the  early  observations  on  fossil  teeth  were 
incorporated  in  all  great  works  on  the  rocks.  Most  of  the 
names  given  to  them  were  fanciful — e.^.^  '*  serpents'  tongues," 
"birds'  tongues,"  "swallow  stones";  of  the  more  learned 
terms,  **glossopetra"  and  "lamiodonia"  were  the  most  usual 

Impressions  and  skeletons  of  fishes  were  sometimes  found 
in  an  excellent  state  of  preservation  in  the  copper  slate  of  the 
Mansfeld  district,  in  the  Jurassic  shales  of  Solenhofen  and 
Kichstiitt,  the  calcareous  marls  of  Ocningen,  the  black  slates 
of  Glarus,  the  Tertiary  calcareous  shales  of  Monte  Bolca,  and 
in  other  localities.  Volta  published  in  1796  a  splendidly 
illustrated  monograph  of  the  fossil  fishes  of  Monte  Bolca. 
Faiijas  de  Saint-Fond,  in  his  Essay  on  Geology^  and  later 
'nville  in  his  Dictionary  of  Natural  history  (fSiS)^  gave  a 
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summary  of  the  known  species  of  fossil  fishes  and  the  localities 
in  which  they  occurred. 

Few  specimens  of  Amphibians  had  been  discovered;  the 
famous  "  Andrias  "  of  Scheuchzer  and  a  few  remains  of  frogs 
in  the  Oeningen  beds  were  almost  the  only  representatives 
known  in  the  literature. 

Reptiles  also  were  only  known  by  rare  specimens.  Ichthy- 
osaurian  vertebrae  from  the  Liassic  strata  of  England  and 
Altdorf  had  been  Bgured  by  Lhuyd  and  Baier  as  fish  vertebrae, 
whereas  Scheuchzer  had  taken  similar  specimens  from  Altdorf 
for  human  vertebrae.  Sir  Everard  Home  gave  the  first  de- 
scription of  an  ichthyosaurian  skull  from  the  Lias  of  Lyme- 
Kegis  under  the  name  of  Proterosaurus  (Phiios,  Trans,,  1814), 

One  of  the  most  ancient  reptiles,  the  Triassic  Proterosaurus 
from  the  copper  slate  of  Subl,  had  been  found  as  early  as 
1706,  and  in  17x0  had  been  assigned  to  the  group  of  croco- 
diles; a  second  specimen  was  again  described  in  17 18  by 
Linck  as  a  crocodile,  but  Kundman  thought  it  bore  a  stronger 
resemblance  to  lizards,  and  this  was  the  view  afterwards  con- 
firmed by  Cuvier. 

True  crocodile  remains  were  mentioned  by  Collini  from  the 
Liassic  strata  of  Altdorf,  and  by  Faujas  de  Saint-Fond  from 
the  Upper  Jura  of  Honfleur  and  Le  Havre  and  the  Tertiary 
rocks  of  the  Vicentine.  In  the  Upper  Lias  of  Whitby  a  full 
crocodile  skeleton  (Teleosaurus)  from  five  to  six  feet  long  was 
seen  by  Chapman  and  Wooller,  but  only  a  few  of  the  vertebrae 
could  be  saved  entire  {Philos,  Trans, ^  vol.  50). 

The  discovery  of  a  Mosasaurus  skull  in  the  Cretaceous  tuffs 
of  Petersberg,  near  Maestricht,  has  already  been  mentioned, 
and  its  identification  by  Cuvier  as  a  lizard  (anle^  p.  107). 

A  great  sensation  was  produced  when,  in  the  Jurassic  shales 
of  Solenhofen,  a  complete  skeleton  of  a  perfectly  preserved 
small  saurian  was  found  with  wing-like  appendages.  Collini 
described  and  figured  it  as  an  unknown  marine  animal  of 
doubtful  zoological  affinities.  Blumenbach  regarded  it  as  a 
water-fowl,  but  Cuvier  recognised  the  skeleton  as  essentially 
reptilian  in  structure,  called  it  Pterodactylus^  and  described  it 
as  a  flying  reptile.  Although  Cuvier  had  given  convincing  data 
for  this  conclusion  (in  his  Researches  on  Fossil  Bones,  vol.  iv., 
1 81 2),  Hermann  and  Sommerring  explained  the  skeleton  as 
that  of  a  mammalian  genus  allied  to  the  bats.  The  original 
specimen  is  now  in  Munich  Museum. 
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All  known  fossil  reptile  fbnns  were  indnded  hf  Cuvier  in 
his  Researckes^  and  were  folly  discussed  hf  him  in  respect  of 
their  own  characteristic  featores^  and  dietr  affinities  to  living 
genera. 

Among  fosnl  MamwutSa  the  teeth  and  bones  of  elephants 
first  attracted  attention  and  gave  occasion  to  various  hypo* 
theses.  Fosril  ivory  and  large  bones  were  known  to  the 
Greeks  and  Romans;  Suetonius  reported  on  fossil  *' giant 
bones  "  in  the  Museum  of  Emperor  Aii%;ustus  at  Capri,  which 
probably  were  remains  of  fossil  dephants.  Kircher  and  many 
other  authors  in  the  l^Iiddle  Ages  mentioned  the  occurrence  of 
elephant  remains  in  different  parts  of  Italy.  A  whole  skeleton 
was  unearthed  at  Crussol  in  the  Rhone  Valley  in  1456,  and  a 
second  in  the  Dauphin^  in  161J.  The  latter  won  great 
notoriety.  A  surgeon,  Mazurier,  said  it  was  the  skeleton  of 
Teutobochus,  King  of  the  Cimbers.  and  made  money  by  the 
display  of  individual  bones  in  P^uis  and  other  cities  It  then 
became  the  subject  of  a  heated  controversy  between  HabicoC 
and  Riolan ;  Habicot  holding  the  bones  to  be  those  of  a  man, 
Riolan  asserting  the  bones  were  those  of  an  elephant  As 
time  went  on,  frequent  discoveries  of  large  bones  were  made 
in  P'rance,  Belgium,  and  Germany. 

The  skeleton  found  at  Burgtonna  in  1696  was  one  of  the 
most  famous  discoveries,  as  it  gave  rise  to  a  dispute  between 
Ernst  Tentzel  and  the  medical  faculty  in  Gotha.  The 
other  professors  saw  in  the  large  bones  only  sports  of  nature, 
but  Tentzel  proved  to  their  discomfiture  that  the  bones  were 
real,  and  had  belonged  to  elephants.  In  1 700  a  bed  of  fossil 
bones  was  observed  near  Cannstatt,  containing  astonishing 
numbers  of  elephants'  teeth,  some  of  which  have  been  pre- 
served in  the  Stuttgart  Museum.  Pallas  had  made  known  the 
occurrences  of  mammoth  bones  in  Russia  and  Siberia ;  and  in 
1796,  Cuvier  summarised  all  the  previous  literature  on  this 
subject  in  a  brilliant  treatise  on  fossil  elephants.  Blumen- 
bach  was  the  first  author  who  distinguished  the  fossil  elephant 
or  *'  Mammoth"  under  the  term  Elephas pritnigfnius  from  the 
two  existing  species. 

Another  fossil  mammal  which  received  considerable  atten- 
tion was  the  woolly-haired  Rhinoceros  antiquitatis  or  tichori- 
num.  Pallas  had  in  1772  described  a  completely  preserved 
carcass  with  hide  and  flesh  in  the  frozen  ground  of  Siberix 
Skulls  and  other  remains  of  this  species  were  also  found  in 
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the  Rhine  Valley.  Faujas  de  Saint-Fond  tried  to  prove,  in 
opposiiion  to  Cuvier  and  Blumenbach,  that  these  were  identi- 
cal with  the  bones  of  species  still  existing  in  Africa. 

The  Franconian  caves  were  examined  by  Esper  and  Rosen- 
miiller,  and  the  mammalian  remains  found  in  them  were 
thoroughly  investigated.  The  remains  of  Mastodon  and 
Megalonyx,  as  well  as  other  gigantic  mammalia  of  America, 
were  quite  well  known  to  BufTon  and  several  writers  in  the 
eighteenth  century. 

But  almost  all  publications  on  fossil  mammalia  had  been 
founded  on  a  very  insecure  scientific  basis,  and  had  not 
attained  to  any  satisfactory  result  regarding  the  affinities  of  the 
fossil  to  the  living  forms.  It  was  the  creative  genius  of  Cuvier^ 
that  erected  Comparative  Anatomy  into  an  independent  science, 
and  defined  principles  upon  which  the  investigation  of  fossil 
Vertebrates  could  be  carried  out  with  accuracy. 

Cuvier's  papers  on  fossil  Vertebrates,  which  originally 
appeared  in  the  Annales  du  Musiunty  were  collected  in  1812 
and  compiled  into  a  separate  work,  the  papers  being  arranged 
merely  in  the  order  of  their  publication. 
"^  Cuvier*s  Researches  on  Fossil  Bones  was  published  as  a  four- 
volume  work.  The  first  volume  contains  the  famous  **  Pre- 
liminary Discourse,"  which  was  really  written  later  than  the 
contents  of  the  other  three  volumes,  although  all  were  published 
together  in  181 2.  The  "Discourse"  was  frequently  altered  by 
the  author,  and  ran  through  six  editions.  It  will  be  more  fully 
discussed  below.  The  second  volume  of  the  Researches  begins 
with  some  remarks  on  the  sub-divisions  of  the  Pachydermes 
(Cuvier)  among  UngtilateSy  and  on  the  deposits  in  which  their 
fossil  remains  occur.  The  account  of  the  Pachydermes  is 
followed  by  a  series  of  studies  on  the  comparative  osteology  of 
Hyrax,  the  fossil  and  recent  walruses,  hippopotami,  tapirs, 
and  elephants,  also  the  extinct  genus  Mastodon.     The   text 

'  I^eop.  Chr.  Friedr.  Dagobeit  Georges  Cuvier,  lx)rn  on  the  24th 
August  1769  in  the  town  of  Mompelgardt  (Monlbeliard),  which  then 
])elonged  to  WUrteml)erg,  was  educated  at  Stuttgart  in  the  *'  Karl  Schule." 
In  1788  he  became  tutor  to  Count  d'Ht-ricy  at  Fiquainville  (Calvados);  in 
I795i  Professor  at  the  Central  School  in  Paris;  in  1800,  Professor  of 
Natural  History  at  the  College  of  France;  in  1802,  Professor  of  Anatomy 
at  the  Botanical  Garden.  Honours  were  richly  sliowercd  on  him:  in  1814 
he  was  made  a  Councillor  of  State;  in  1819,  Chief  of  a  Department  in  the 
Home  Office  with  the  title  of  Baron;  and  in  1831  a  Peer  of  France.  He 
died  on  the  13th  May  1832. 
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gives  clear  indication  of  the  constructive  methods  adopted  by 
the  great  anatomist  We  follow  him  in  his  attempts  to  identify 
the  remains  of  fossil  mammalia  by  comparison  with  existing 
mammalian  species,  and  we  realise  with  him  the  necessity  of  a 
thorough  examination  of  the  bony  skeleton  of  existing  mam- 
mals before  such  a  comparison  can  be  effected.  Cuvier's  style 
is  clear  and  concise,  and  he  has  the  gift  of  vivid  description. 

Eleven  fossil  species  from  the  Pleistocene  deposits  of  Europe, 
Asia,  and  North  America  are  described  in  the  second  volume : 
a  rhinoceros,  two  hippopotami,  *  two  tapirs,  an  elephant,  and 
five  mastodons.  With  the  exception  of  the  mastodons,  all  the 
species  belong  to  genera  which  still  exist  in  the  tropics, 
but  the  geographical  distribution  of  the  Tertiary  and  the 
present  species  is  very  different  There  may  be  a  doubt  in 
the  case  of  the  larger  hippopotamus  species  (Hippopotamus 
major)  whether  the  fossil  and  the  present  forms  are 
specifically  distinct,  but  in  the  other  cases  there  can  be  no 
doubt  that  the  forms  belong  to  extinct  species. 

Cuvier  makes  these  points  clear,  and  proceeds  to  show  that 
from  the  condition  of  the  bones  they  cannot  have  been 
transported  from  any  great  distance,  but  that  the  animals  must 
have  lived  in  the  localities  where  their  hones  are  found.  Hence 
these  remains  afford  proof  that  the  temperate  zones  were,  in 
the  period  immediately  antecedent  to  the  present,  inhabited 
by  a  terrestrial  fauna  whose  nearest  allies  are  now  confmed  to 
tropical  cliilVates. 

The  third  volume  contains  chiefly  the  description  of  the 
vertebrate  remains  which  occur  in  Upper  Eocene  gypsiferous 
marls,  in  the  vicinity  of  Paris.  One  or  two  fossil  skeletons 
were  found  entire,  and  most  of  these  remains  found  in  the 
Paris  gypsum  beds  were  in  a  good  state  of  preservation.  But 
in  many  localities  the  mammalian  remains  occurred  in  poor 
preservation,  and  were  irregularly  distributed  as  confused 
heaps,  or  beds  of  bone  fragments.  It  was  in  arranging  such 
ill-assorted  accumulations  of  hones  belonging  to  different 
epochs  that  Cuvier  achieved  his  most  astonishing  successes, 
and  verified  his  laws  of  the  correlation  of  parts.  The  in- 
vestigation of  certain  scattered  remains  of  very  frequent 
occurrence  led  him  to  the  determination  of  two  extinct  genera, 
Palaotherium  and  Anoplotherium.  After  he  had  ascertained 
the  skull  and  teeth,  Cuvier  kept  constantly  comparing  the 
other  bones  with  those  of  existing  genera— tapir,  rhinoceros, 
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horse  and  camel, — and  was  finally  able  to  restore  the  skeletons 
of  these  extinct  genera.  Then  it  became  evident  that  both 
genera  had  comprised  several  species,  and  gradually  the 
fossil  remains  of  other  genera  intimately  allied  to  these  were 
discovered  in  the  Middle  and  Upper  Eocene  strata  at  Issel 
(Aude),  Buchsweiler  (Alsace),  and  in  the  Upper  Eocene 
marls  in  various  localities.  In  the  same  way  as  he  had 
investigated  the  Ungulaia^  Cuvier  also  investigated  fossil 
remains  belonging  to  Carnivora,  and  determined  their 
relationship  with  living  representatives. 

Cuvier  was  wholly  convinced  of  the  unerring  accuracy  of 
his  comparative  methods.  It  is  told  of  him  that  on  one 
occasion  when  a  fossil  skeleton  came  into  sight  in  the  Paris 
gypsum  layers,  he  at  once  declared  it  to  belong  to  the  genus 
Didelphys^  an  American  opossum.  A  number  of  his.  colleagues 
were  sceptical  of  this,  and  in  order  to  prove  it,  Cuvier  indicated 
the  exact  place  where  the  characteristic  marsupial  bone  on  the 
pubis  ought  to  be  found  in  the  rock,  and  in  presence  of  his 
colleagues  worked  out  the  part  from  the  surrounding  rock,  and 
displayed  it  to  their  astonished  eyes. 

The  third  volume  concludes  with  the  description  of  a 
number  of  bird,  reptile,  and  fish  remains.  The  fourth  volume 
contains  treatises  on  the  remains  of  horses,  pigs,  and 
rodents  in  the  Pleistocene  deposits  and  bone  breccias  of 
(libraltar;  on  Carnivora  in  the  bone  caves  of  Germany  and 
Hungary  ;  on  some  genera  of  the  Edentate  Order,  Bradypus, 
Megalonyx,  Megatherium;  on  Sirenia  or  "sea-cows";  on 
** sea-dogs"  or  the  Phocidae  family  of  the  Carnivora;  and 
finally,  a  survey  of  all  known  fossil  reptiles.  In  this  as  in 
the  other  volumes,  every  chapter  on  fossil  types  is  preceded 
by  an  exhaustive  exposition  of  the  structures  of  allied  living 
forms.  jy 

In  the  whole  literature  of  comparative  anatomy  and^ 
\palneontology  there  is  scarcely  any  work  that  can  rank  with 
this  great  masterpiece  of  Cuvier.  It  passed  through  four 
editions,  each  edition  containing  additional  chai)ters.  The 
last  (1834-36),  edited  by  his  brother  Friedrich  Cuvier,  consists 
of  ten  volumes  of  text  and  two  volumes  of  illustrated  plates. 

The  **  Preliminary  Discourse"  of  the  first  volume  later  bore 
the  title  of  "  Discourse  on  the  Revolutions  of  the  Surface  of 
the  Globe/'  and  was  translated  into  several  European  languages. 
In  it  Cuvier  gives  expression  to  his  views  on  the  origin  and 
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changes  of  the  earth,  on  the  relations  of  fossils  to  the  present 
creation,  and  on  the  whole  sequence  of  life  in  the  course  of 
geological  epochs. 

The  Discourse  bc^ns  with  a  demonstration  that  the  sur&ce 
of  the  earth  has  been  devastated  from  time 'to  time  by  violent 
revolutions  and  catastrophes.  Cuvier  aigues  that  these  took 
place  suddenly,  from  the  evidence  of  the  flesh  carcasses  of 
mammalia  in  the  gravels  of  Siberia,  as  well  ^  from  the 
accumulations  of  pebbles  and  diMs  which  are  present  at 
certain  horizons  of  the  stratigraphical  succession,  and  may  be 
assumed  to  indicate  epochs  of  violent  movement  in  the 
former  seas.  Thus  the  development  of  oiganic  life  was 
frequently  interrupted  by  fearful  catastrqihes,  which  in  the 
earlier  epochs  extended  over  the  whole  surface  of  the  globe, 
but  latterly  became  limited  to  smaller  areas.  Countless  living 
creatures  fell  victims  to  these  catastrophes;  they  vanished 
for  ever,  and  left  only  "  a  few  remains  scarcely  recognisable  by 
the  scientific  investigator." 

A  discussion  of  the  natural  forces  which  at  the  present  day 
affect  earth-surfaces  leads  Cuvier  to  the  conclusion  that  these 
are  not  sufficient  to  explain  the  great  revolutions  of  past 
epochs  in  the  earth's  history.  The  present  agencies  of  ice 
and  snow,  running  water  and  the  ocean,  volcanoes  and 
earthquakes,  together  with  disturbing  astronomical  con- 
ditions, are  passed  in  review,  for  the  purpose  of  demonstrating 
the  insufficiency.  Then  Cuvier  recalls  the  often  ridiculous 
theories  that  philosophers  and  geologists  invented  in  their 
endeavour  to  arrive  at  some  adequate  explanation  of  the  great 
transformations  of  life  and  climate  on  the  globe.  He 
recognises  the  value  of  the  mineralogical  work  of  Saussure 
and  Werner,  but  complains  of  the  small  share  of  attention 
bestowed  by  these  geologists  and  their  contemporaries  upon 
fossils  and  the  distribution  of  fossils  in  the  rock-strata.  Yet, 
in  his  opinion,  it  is  the  study  of  the  fossilised  remains  of 
former  faunas  and  floras  which  alone  can  give  enlightenment 
about  the  earth's  past,  the  number  and  order  of  its  revolutions, 
and  the  history  of  creation. 

He  regards  the  remains  of  four-footed  animals  as  especially 
valuable,  since  in  their  case  the  question  whether  they 
belong  to  extinct  or  living  genera  and  species  can  be  more 
definitely  determined  than  in  the  case  of  the  lower  animals. 
Even  in  the  days  of  antiquity  men  knew  fairly  well  all  the  kinds 
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of  four-footed  animals  on  the  globe,  and  at  the  present  day 
there  is  little  chance  of  new  living  species  being  discovered. 
Certainly  the  incompleteness  and  often  poor  preservation  of 
the  fossil  remains  of  land  mammals  offered  obstacles  to  exact 
identification.  But  they  could  be  surmounted  with  the  help 
of  the  laws  of  correlation  enunicated  by  him,  according  to 
which  all  the  individual  parts  of  an  organism  stand  in  a 
definite  morphological  relationship  to  one  another,  so  that  one 
part  could  not  undergo  a  change  without  a  corresponding 
modification  taking  place  in  the  correlated  parts. 

Summarising  the  results  of  his  own  researches  on  fossil 
bones,  Cuvier  shows  that  these  occur  in  strata  of  different  age, 
that  the  fishes,  amphibians,  and  reptiles  existed  before 
mammalia,  that  the  extinct  geneTSi(Pa/ao//ieriumf  Anoploiheriuvi^ 
etc)  occur  in  older  strata  than  the  forms  belonging  to  living 
genera,  and  that  the  few  fossil  forms  which  differ  little  from 
living  species  are  restricted  to  the  very  youngest  deposits  in 
river  alluvium,  marshes,  caves,  etc. 

The  exact  investigation  of  fossil  mammalia  gives,  according  to 
Cuvier,  no  ground  for  the  Lamarckian  conception  that  the  forms 
still  existing  have  been  produced  by  gradual  modifications  of 
the  forms  that  had  previously  existed.  On  the  contrary, 
Cuvier's  conception  was  that  specific  features  are  constant,  and 
remain  so  even  in  domesticated  breeds. 

Regarding  the  length  of  period  during  which  man  has  ex- 
isted on  the  globe,  Cuvier  points  out  that  no  human  remains 
have  been  found  along  with  the  latest  accumulations  of  four- 
footed  animals  in  Europe,  Asia,  and  America,  and  that  in  all 
probability  man  did  not  make  his  appearance  in  those  parts  of 
the  globe  until  after  the  last  great  world  catastrophe.  And 
although  no  exact  determination  of  the  time  is  attainable, 
Cuvier  calculates  from  data  of  the  rate  of  increase  in  sand- 
dunes,  in  the  thickness  of  peat  deposits,  and  river  deltas,  that 
the  last  great  earth's  revolution  took  place  not  more  than 
5000  or  6000  years  ago.  Large  parts  of  the  terrestrial  sur- 
faces of  the  globe  were  then  submerged,  and  the  floor  of 
the  former  ocean  was  in  many  places  upraised  and  re-con- 
stituted as  islands  and  continents.  Some  few  human  beings 
who  were  not  destroyed  during  this  catastrophe  wandered  into 
the  new  lands  and  multiplied,  founded  colonies,  erected  monu- 
ments, collected  facts  of  natural  history,  conceived  scientific 
systems. 
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In  conclusion,  Cuvier  draws  attention  to  the  rudimentary 
state  of  scientific  knowledge  regarding  the  Secondary  rockji  and 
the  fossil  organisms  contained  in  them.  ''How  glorious  it 
would  be  if  we  could  arrange  the  organised  products  of  the 
universe  in  their  chronological  order,  as  we  can  already  do 
with  the  more  important  mineral  substances  I  The  knowledge 
of  the  order  of  successive  forms  of  life  would  teach  os  about 
the  organisation  itselfl  The  chronological  succession  of  organ- 
ised forms,  the  exact  determination  of  those  types  which 
appeared  first,  the  simultaneous  origin  of  certain  species  and 
their  gradual  decay,  would  perhaps  teach  us  as  much  about 
the  mysteries  of  organisation  as  we  can  possibly  learn  through 
experiments  with  living  organisms." 

When  we  at  the  present  day  pass  in  retrospect  the  contents 
of  Cuvier's  famous  "  Discourse,"  it  is  easy  for  us  to  perceive 
that  the  great  anatombt  was  not  ^miliar  with  the  more  ad- 
vanced geological  thought  of  his  own  time.  The  works  of 
William  Smith  were  apparently  unknown  to  him,  equally  so 
the  researches  of  Lehmann,  Fichtel,  and  other  of  the  best 
German  stratigraphers.  In  the  structure  of  mountain-systems, 
his  views  differ  little  from  those  of  BufTon,  Pallas,  and  Saus- 
sure.  What  is  new  is  that  Cuvier  demands  a  great  number 
of  catastrophal  revolutions,  and  he  assumes  that  the  earlier 
catastrophes  were  more  widespread  in  their  effects  than  the  later. 

In  supposing  that  an  invasion  of  the  sea  was  the  immediate 
cause  of  the  interment  of  mammalia  in  the  youngest  clays  and 
gravels,  Cuvier  entirely  misses  the  significance  of  the  fact  that 
these  are  for  the  most  part  of  fresh-water  origin.  Again,  his 
calculation  of  the  age  of  the  latest  revolution  and  the  appear- 
ance of  man  in  the  northern  hemisphere  betrays  a  geological 
standpoint  as  narrow  as  I)e  Luc's  or  Kirwan's.  But  what  was 
a  far  more  serious  disadvantage  to  science  was  that  a  man  of 
Cuvicr's  anatomical  insight  and  prescience  should  deny  any 
genctical  connection  between  the  earlier  organisms  and  those 
now  living.  Cuvier's  erroneous  convictions  on  this  point 
exerted  an  enormous  influence,  and  it  is  not  too  much  to  say 
that  ihcy  retarded  the  progress  of  the  evolutionary  aspect  of 
paK'eontology  for  several  decades. 

But  Cuvier,  by  his  leaching  of  the  comparative  methods, 
placed  all-powerful  tools  in  the  hands  of  scientific  men.  His 
greatness  rests  upon  the  magnificent  work  that  he  accomplished 
in  the  domain  of  the  Vertebrates,  upon  the  scientific  method 
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which  he  founded  for  the  identification  of  fossil  bones,  and 
upon  his  successful  demonstration  that  the  primeval  mammals 
were  not  mere  varieties  of  living  forms,  but  belonged  to 
extinct  species  and  genera. 

As  Buffon  had  done  twenty  years  earlier,  Cuvier  likewise, 
by  his  commanding  personality,  attracted  many  to  the  study 
of  geology  and  palaeontology,  and  instilled  enthusiasm  into 
a  large  circle  of  his  more  intimrte  friends  and  scientific 
disciples.  Others  had  shown  how  important  fossils  were  for 
an  understanding  of  the  stratigraphical  succession.  But 
never  before  Cuvier  had  the  significance  of  fossils  been  so 
energetically  brought  forward  as  a  means  of  arriving  at  a  true 
appreciation  of  animal  skeletal  structures,  and  of  building  up  a 
history  of  the  whole  animal  creation.  Thus  Cuvier  largely 
contributed  to  the  rapid  progress  that  was  made  during  the 
next  quarter  of  the  century  in  the  detailed  investigations  of 
fossil  organisms  and  their  stratigraphical  position. 

It  is  not  surprising  that  Cuvier's  Catastrophal  Theory, 
which  afforded  a  certain  scientific  basis  for  the  Mosaic  account 
of  the  "Flood,"  was  received  with  special  cordiality  in 
England,  for  there,  more  than  in  any  other  country,  theological 
doctrines  had  always  affected  geological  conceptions.  Many 
of  the  best  known  English  geologists — Greenough,  Babbage, 
Sedgwick,  and  others — considered  the  "  Flood  "  the  latest  of 
Cuvier's  **  World-Catastrophes." 

The  most  argumentative  and  influential  member  of  this 
party  was  Professor  Buckland.  He  published  in  1823  a 
work  entitled  Reliquia  diluviance ;  or^  Observations  on  the 
Organic  Remains  contained  in  CavcSy  Fissures,  and  Diluvial 
Gravely  and  on  other  Pheiiomena  attesting  the  action  of  a 
Universal  Deluge,  In  this  work  Buckland  showed  that  the 
majority  of  the  Mammalian  remains  found  in  the  caves  and 
fissures  belonged  to  the  same  genera  and  species  as  those 
which  were  found  in  the  superficial  gravels  and  clays.  The 
latter  he  sub-divided  into  a  lower  or  "diluvial"  series  and  an 
upper  or  "alluvial"  series  comprising  recent  river  and  lake 
deposits.  He  emphasised  the  wide  distribution  of  the  diluvial 
deposits,  and  the  fact  that  some  of  the  animals  interred  in 
them  belong  to  extinct  species,  others  to  existing  species, 
and  concluded  that  these  deposits  had  been  laid  down  by  a 
universal  deluge  at  no  more  remote  date  than  a  few  thousand 
years  ago. 
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Text-hooks  and  Handbooks  of  Geognosy  and  Geology, — ^The 
Text-books  of  Geology  which  appeared  during  the  period 
between  1790  and  1820  showed  an  improvement  on  the 
speculative  works  of  the  preceding  periods  by  their  more 
matter-of-fact  treatment  of  the  subject  They  may  be  taken 
as  a  standard  of  contemporary  knowledge  on  geolc^ical 
subjects,  and  deserve  special  mention. 

Most  of  the  German  teict-books  during  this  period  were 
simply  repetitions  of  Werner's  teaching.  As  a  rule  mineralogy 
and  geognosy  were  combined  in  the  larger  text-books,  but  in  a 
few  cases  geognosy  was  published  separately.  Voigt's  Practical 
Knowledge  of  Mountains  (Weimar,  1792)  was  one  of  the  best 
known,  and  it  differed  from  Werner's  teaching  on  several 
important  points,  such  as  the  origin  of  basalt  and  the  causes 
of  volcanism.  On  this  work  Dietrich  L.  G.  Karsten  in  great 
measure  based  *his  Mineralogical  Tables  (1800),  which  had  a 
wide  circulation. 

The  most  complete  and  trustworthy  text-book  founded 
on  Werner's  teaching  was  that  by  Franz  Ambros  Reuss 
(Leipzig,  1 801-6),  in  which  six  volumes  are  devoted  to 
mineralogy  and  two  to  geognosy.  The  first  volume  of  the 
geognosy  or  geology  begins  with  a  short  introduction  on  the 
compass  and  domain  of  geognosy  and  the  method  of  geognostic 
study.  The  first  chapter  treats  the  earth  as  a  whole  in  its 
relation  to  other  bodies  of  the  universe,  and  states  the  most 
important  facts  of  astronomy  and  mathematical  geography. 
A  second  chapter  is  devoted  to  physiographical  matters,  the 
present  constitution  of  the  earth's  surface  and  atmosphere,  and 
the  changes  wrought  on  the  earth's  surface  by  existing  natural 
agencies.  The  third  chapter  is  occupied  with  the  solid  crust, 
describes  the  various  kinds  according  to  their  composition  and 
structure,  their  age  and  origin,  and  gives  an  account  of  the 
hypotheses  concerning  the  origin  and  development  of  the 
earth.  The  rocks  are  sub-divided  in  five  "formation  suites," 
according  to  Werner.  The  fourth  chapter  contains  a  very  full 
description  of  the  regional  masses  of  rock  extending  through 
mountain-systems  or  over  wide  areas.  These  are  enumerated 
in  the  order  of  the  "  formation  suites,''  and  a  careful  account 
is  given  of  their  composition  and  texture,  stratification  or 
jointing,  geological  age,  origin  and  occurrence,  and  the  fossils 
or  ores  contained  in  them.  A  special  chapter  on  metalliferous 
ores  concludes  this  work,  the  contents  of  which  show  that  the 
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Wdmerian  school  already  recognised  most  of  the  questions 
which  are  at  present  treated  in  text-books. 

Considerations  of  the  earth's  physiography,  dynamical 
geology,  petrography,  geogeny,  and  architecture  or  tectonic 
structure  were  fairly  familiar  ground  at  the  time ;  the  great 
difference  is  in  the  teaching  of  the  chronological  succession  of 
the  rock  formations.  Modern  geology  gives  pre-eminence  to 
the  accurate  determination  of  the  age  of  the  rocks,  stratum  by 
stratum,  according  to  the  contained  fossils  ;  Werner's  disciples 
were  satisfied  with  an  approximate  conception  of  the  relative 
age  of  whole  formations,  and  scarcely  associated  the  study  of 
historical  succession  of  organised  creatures  with  any  geological 
interest  or  value. 

In  France,  three  distinguished  pupils  of  Werner  wrote  text- 
books upon  the  basis  of  his  teaching — Brochant  de  Villiers  ( 1 800), 
De  Bonnard  (18 19),  and  De  Voisins  (18 19).  The  Treatise  of 
Geognosy^  published  by  D'Aubisson  de  Voisins,  won  wide  popu- 
larity on  account  of  its  clearness  and  the  elegance  in  its  mode 
of  treatment.  Like  Reuss,  D'Aubisson  held  closely  to  the 
methodical  arrangement  of  the  subject  introduced  by  Werner 
in  his  lectures,  so  that  the  general  arrangement  of  these  two 
text-books  is  very  similar;  but  the  French  author  took  his 
illustrative  examples  chiefly  from  French  geology,  Reuss  from 
German  districts.  In  common  with  most  of  Werner's 
disciples,  D'Aubisson  de  Voisins  made  many  blunders  in 
respect  of  the  Secondary  formations.  He  united  Alpine 
limestones  (Tri.-Jur.-Cret.),  the  limestones  of  the  Jura  chain, 
the  Magnesian  limestones  (Permian)  and  Liassic  limestones 
of  England  and  the  German  Zec/istein  (Permian)  in  one  group 
— that  of  the  Older  Secondary  limestones ;  and  treated  as 
Younger  Secondary  limestones,  contemporaneous  with  German 
Muschelkalk,  the  Jurassic  calcareous  strata  of  France,  the 
Forest  Marble  and  Cornbrash,  and  Portland  stone  of  England 
(Middle  and  Upper  Jurassic),  the  Solenhofcn  lithographic 
stone  (Upper  Jurassic),  and  the  fish-shales  of  Monte  Bolca 
(Mid-Eocene). 

An  important  deviation  from  Werner's  teaching  was  made 
by  D'Aubisson  in  his  insertion  of  Tertiary  formations  between 
the  Secondary  deposits  and  diluvial  clays  and  gravels. 
According  to  D'Aubisson,  the  Tertiary  series  included  the 
deposits  of  the  Paris  basin  (now  grouped  as  Eocene  and 
Oligocene),  so  clearly  elucidated  by  Brongniart  and  Cuvier ; 
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the  Faluns  of  Touraire  (Miocene);  Ihc  formations  studied  by 
Omalius  d'Halloy  in  N.E,  France,  Belgium,  and  near  Maine 
(cf  p.  106);  the  Ixindoii  C:iay  of  England ;  the  sandy,  marly, 
and  clayey  strata  of  the  Isle  of  Wight,  which  Webster  liad 
recognised  as  contemporaneous  with  the  deposits  of  the  I'aris 
basin  ;  the  fossiliferaus  gypsiferous  marls  and  lignite  of  Aix 
in  Provence  (Oligocene);  the  Oeningen  shales  and  marls 
(Miocene);  the  freshwater  formations  of  Auvcrgne,  Provence, 
I^nguedoc,  Pyrenees,  Spain,  and  Wiirtemberg  (Miocene- 
Pliocene);  the  brown-coal  and  lignite  in  France,  Germany, 
and  England. 

The  fossils  occurring  in  these  strata  are  also  enumerated  by 
D'Aubisson,  but  there  is  no  attempt  to  determine  a  series  of 
palseonlological  horizons,  or  even  the  relative  age  of  llie 
Tertiary  deposits  present  in  the  various  localities. 

The  excellent  work  of  D'Aubisson  de  Voisins  is  the  only 
one  which  merits  the  name  of  a  text-boolc  for  teaching 
purposes. 

Robert  Jameson,  who  tried  to  disseminate  Werner's 
doctrines  in  Great  Britain,  met  with  less  success  in  his 
Eiemenii  nf  Geognosy  (1808)  The  works  of  Hutton,  Playfair, 
and  William  Smith  wielded  a  powerful  influence,  and  were 
guiding  British  geologists  with  firm  steps  towards  a  right 
understanding  of  igneous  rocks  and  the  palxontolt^ical 
succession  of  organic  types. 

An  Introduction  to  Gtology,  written  by  Robert  Bakewell  in 
i8r3,  ran  rapidly  through  a  number  of  editions.  Although 
following  Werner  in  the  general  treatment  of  the  subject, 
Bakewell  look  up  a  neutral  attitude  on  most  contested  points, 
and  showed  a  just  appreciation  of  Hutton's  views.  His  work 
presented  a  clear  statement  of  the  leading  geological  features 
of  England,  and  included  many  of  his  own  observations 
Strange  to  say,  Bakewell  was  no  supporter  of  the  determina- 
tion of  the  age  of  rocks  by  the  comparison  of  fossils.  William 
Smith's  investigations  were  not  incorporated,  and  even  in  the 
fifth  edition,  published  in  1838,  the  name  of  William  Smith 
was  never  mentioned. 

Scipio  Breislak's  somewhat  speculative  and  dilTuse  iHlra- 
duzione  alia  Geologiit  (1811)  was  rapidly  translated  into  both 
the  French  and  German  languages,  and  had  a  fairly  wide 
circulation.  It  represented  a  quite  different  standpoint  from 
the  text-books  written  by  disciples  of  Werner.     Whereas  the 
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latter  made  it  their  chief  desire  to  keep  strictly  to  an  account 
of  known  geological  facts,  Breislak  throughout  his  work 
concerned  himself  mainly  about  the  causes  of  geological 
phenomena.  And  the  reactionary  influence  of  Brcislak's  work 
proved  so  far  healthful ;  but  chemistry  and  physics  were  still 
too  little  advanced  to  permit  of  an  adequate  solution  of  most 
geological  phenomena,  and  ingenious  as  Breislak's  conceptions 
were,  they  were  seldom  correct,  and  led  him  often  far  astray. 
The  best  part  of  the  work  is  the  third  volume,  in  which 
Breislak  gives  a  good  account  of  volcanic  phenomena  and 
volcanic  rocks  in  Italy,  and  contributes  a  number  of  valuable 
observations  on  gaseous  explosions,  volcanic  ejecta,  and  on 
lava  and  basalt. 

Fourth  Period — Newer  Development  of  Geology 

AND   PALiEONTOLOGV. 

The  leaders  of  thought,  whose  activities  towards  the  close  of 
the  eighteenth,  and  in  the  first  twenty  years  of  the  nineteenth 
Century,  won  for  geology  an  acknowledged  place  as  a  scientific 
study,  were  almost  all  of  them  men  of  independent  means. 
Only  a  limited  number  of  the  founders  of  geology  and 
paleontology  belonged  to  teaching  bodies.  The  universities 
were  unwilling  to  countenance  young  and  indefinite  sciences, 
and  only  tardily  incorporated  them  in  their  academical 
curricula.  But  when  one  after  another  of  the  universities 
recognised  geology  and  palaeontology,  the  result  could  only  be 
beneficial,  and  that  rapid  progress  began  which  has  continued 
uninterruptedly  to  the  present  day. 

Collections  of  rocks  and  fossils  were  started  in  all 
university  towns,  and  laboiatories  and  institutes  were  founded 
and  equipped  in  order  that  beginners  in  the  study  might  have 
every  assistance  in  their  work,  and  that  the  more  advanced 
students  might  be  given  every  inducement  to  follow  out 
selected  lines  of  original  research.  The  number  of  students 
steadily  increased,  the  output  of  special  papers  became  more 
voluminous,  and  every  year  the  subject-matter  of  the  collegiate 
course  became  more  comprehensive. 

.At  first  the  universities,  more  especially  in  Germany,  where 
Werner's  system  was  the  supreme  precedent,  placed  the  newer 
branches  of  geology  and  palaeontology  under  the  care  of  the 
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mineralogical  professors,  but,  soon,  specialisation  was  felt  to 
be  necessary,  and  professorships  began  to  be  founded  for 
geology  and  palaeontology  as  a  distinct  scientific  study. 

The  encouragement  given  by  the  strict  academical  system 
of  preparation  and  research,  and  the  higher  standard  in  the 
demand  for  accurate  detail,  had  the  effect  of  diminbhing  the 
influence  of  private  individuals.  Leopold  von  Buch,  Charles 
Lyell,  De  la  Beche,  and  Murchison  are  among  the  few  leaders 
of  modern  geology  who  worked  independently. 

With  specialisation  in  geology  and  palaeontology,  the  spring- 
time of  the  science  was  over.  The  period  was  past  when  a 
man  could  mentally  survey  the  whole  field  of  petrographical 
knowledge,  when  great  discoveries  lay,  so  to  speak,  by  the 
roadside,  and  only  required  to  be  observed.  Instead  of  hasty, 
widely  extended  observations  and  broad  generalisations,  there 
began  now  the  less  brilliant,  but  more  lasting,  investigation  of 
details.  The  telescope  of  a  geolc^ical  traveller  surveying  the 
rocks  from  afar  was  exchanged  more  and  more  for  the 
microscope  of  a  specially  trained  academician.  The  rapid 
advances  made  by  modern  geology  are  due  to  concentrated 
endeavour  in  the  solution  of  problems  of  a  definite  and 
limited  character,  and  the  universities  and  academies  have 
sedulously  fostered  the  accomplishment  of  such  work. 

Among  German  universities,  Berlin  has  always  held  a 
distinguished  place.  Gustav  Rose,  Ehrenberg,  and  Beyrich  ^ 
were  some  of  the  famous  teachers  in  Berlin  University.  For 
nearly  sixty  years  Beyrich  exerted  a  strong  influence  on  the 
younger  generations.  Although  without  any  great  oratorical 
gifts,  Beyrich  fascinated  his  hearers  by  the  carefully  considered 
subject-matter  of  his  lectures  and  the  breadth  of  his  know- 
ledge, while  in  his  practical  teaching  in  the  field  he  provided  a 
model  of  accuracy  and  completeness.     Not  a  few  of  the  greatest 

'  Ileinrich  Ernst  Beyrich,  born  181 5  in  Berlin,  entered  the  Berlin 
University  at  the  age  of  sixteen,  and  presented  his  thesis  in  1837.  Soon 
afterwards  he  was  appointed  an  assistant  in  the  mineralogical  museum,  and 
in  1857  was  made  director  of  the  pala:ontological  collection.  As  a  teacher 
he  was  first  a  privat  docent  (a  university  tutor),  then  an  extra-Ordinary 
professor,  and  in  1865  became  full  Professor  of  Geology  and  Palaeontology 
in  the  University  and  in  the  Mining  Academy.  In  1848  the  German 
(fcological  Society  was  founded,  and  Beyrich  was  one  of  its  promoters. 
In  1873,  when  the  Prussian  Geological  Survey  was  instituted,  Beyrich  was 
api)ointed  co-director  with  Ilauchecorne.  He  died  in  Berlin  on  9th  July 
J  896. 
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teachers  in  Germany — Von  Richthofen,  Von  Koenen,  Dames, 
Kayser,  Eck,  Credner,  and  others — were  pupils  of  Beyrich. 

Beyrich  was  also  one  of  the  most  active  promoters  of 
the  Geological  Society  of  Germany.  Since  the  Society  was 
founded  in  1848,  it  has  combined  and  centralised  almost  all 
the  geological  activity  throughout  Germany.  The  seat  of  the 
Society  is  in  Berlin,  but  the  annual  congresses  meet  each  year 
in  a  different  German  town. 

Bonn  rivalled  Berlin  for  a  long  time  as  a  leading  centre  of 
geological  interests.  A  brilliant  phalanx  of  geologists — Roemer, 
Goldfuss,  Bischof,  Vom  Rath,  and  others — made  Bonn  a  much 
favoured  university  in  the  middle  of  the  nineteenth  century. 
Ferdinand  Roemer's  Description  of  the  Schist-Mountains  of  the 
Rhine  and  Goldfuss's  Fetrefacta  Gemianice  are  monumental 
scientific  works;  G.  Bischof 's  famous  Text-book  of  Chemical 
and  Physical  Geology  opened  a  new  and  fascinating  domain 
of  scientific  research  to  young  minds;  and  Bonn  was  the 
centre  from  which  a  reformation  in  petrographical  methods 
spread  over  Germany. 

The  pioneer  labours  of  Sorby  in  his  microscopic  examination 
of  rock  structures  were  first  appreciated  in  all  their  significance 
by  Ferdinand  Zirkel,  who  at  that  time  taught  in  Bonn. 
Zirkel  followed  along  Sorby's  lines  with  such  admirable  skill 
that  his  researches  became  known  in  every  land  and  gave  a 
powerful  impulse  to  the  study  of  petrology.  In  Germany,  work 
in  this  direction  has  been  worthily  continued,  and  Rosenbusch 
and  his  school  have  applied  microscopic  methods  more  par- 
ticularly to  the  study  of  crystallography. 

Leipzig  University  was  fortunate  in  having  for  thirty  years 
(1842-73)  C.  Fr.  Naumann  as  Professor  of  Mineralogy  and 
Geology.  Naumann's  most  important  work  is  his  Text-book  of 
Geo^nosyy  which  is  acknowledged  to  be  the  most  complete  and 
thorough  compendium  of  this  science,  and  for  many  decades 
has  served  as  a  standard  book  for  German  students.  The  re- 
markable success  of  Naumann  as  a  teacher  attracted  a  large 
number  of  mineralogical  students  to  Leipzig,  and  the  tradition 
has  been  well  sustained  by  Naumann's  successors,  Hermann 
Credner  and  Ferdinand  Zirkel. 

Heidelberg  University,  where  Rosenbusch  now  teaches,  has 
always  enjoyed  a  high  reputation  for  mineralogy  and  geology. 
Carl  von  Leonhard,  the  editor  of  the  Mineralogical  Taschen- 
buch^  and  the  founder  of  the  Neues  Jahrbuch  fur  Mineralogie^ 
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Gea.'a^ie,  und  Pu/iEonfo/ogie ,  was  proressor  ai  Heidelberg 
for  a  long  period  of  years  ;  and  associated  ivilh  him  was 
Heinrich  Ueorg  Bronn,  the  zoologist  and  paleontologist,  whose 
Leihaa  giopiostica  is  still  one  of  the  main  pillars  of  historical 
geolt^y  and  palseontology. 

Munich  University  was  the  Rrsc  in  (icrmany  to  inslituie  a 
full  or  "Ordinary"  Professorship  for  Geology  and  PaUconlolog>'. 
Schafhautl,  appointed  professor  in  1 843,  occupied  bim  self  chiefly 
with  the  investigation  of  the  Bavarian  Alps,  which  were  then 
unknown  geologically.  He  was  joined  in  this  work,  in  1^51, 
by  Wilhelm  Ciimbel,  who  afterwards  became  director  of  the 
Bavarian  Survey.  During  forty  years  Giimbcl  worked  inde- 
faligably  in  the  field  and  as  an  administrator,  and  no  single 
individual  has  done  more  for  his  country's  cartography  and 
stratigraphy  than  he  has  done  for  Bavaria.  His  works  on 
Alpine  geology  are  known  to  all  students  of  complicated 
mountain  structure,  and  are  thoroughly  scioniific  in  lone 
and  treatment.  It  is  '.li  n  :!.  i'  :*;■  j'  ■_:■.■;■'■■  ..'  j ■■■■';:■  ■■!  of 
Munich,  at  the  base  of  i;       '.  1  .        .n 

university  towns  as  being  paitic-ularlyadvanlagMUs  for  the  study 
of  mountain  structure.  In  1866,  Karl  von  Zittel  succeeded 
Albert  Oppel  as  Professor  of  Geology  and  Palaeontology,  and 
since  that  time  the  fossil  collections  have  been  vastly  ex- 
tended. A  special  collection  has  been  arranged  for  tutorial 
purposes,  and  the  large  state  collection  is  considered  a  model 
of  methodical  display. 

In  Tubingen,  Friedrich  Quenstedt  taught  for  more  than  half 
a  century  (1837-S9).  One  of  the  most  versatile  and  original 
of  German  geologists  and  a  born  teacher,  Quenstedt  not  only 
attracted  numerous  students,  but  also  aroused  an  interest  for 
geology  and  palaeontology  amongst  the  agricultural  classes  of 
l-'ranconia,  Swabia,  and  Wiirtemberg.  What  William  Smith  and 
Buckland  did  in  determining  the  palxontological  horizons  of 
the  Jurassic  series  in  England  was  accomplished  by  Quenstedt 
in  Lower  Bavaria.  At  the  present  day  the  common  people,  in 
the  districts  where  his  influence  extended,  are  many  of  them 
enthusiastic  fossil  collectors,  and  arrange  their  miniature  collec- 
tions with  an  astonishing  accuracy.  One  of  the  best-known 
disciples  of  Quenstedt  was  Oscar  l-'raas,  who  created  in 
Stuttgart  a  local  fossil  collection  worthy  of  the  best  traditions 
of  his  teacher. 

The  above-mentioned  are  only  a  lew  of  the  German  univer- 
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sities ;  there  are  many  of  the  smaller  universities  and  poly- 
technic schools  whose  professors  have  won  fame  both  in 
scientific  research  and  as  teachers. 

In  Austria  and  in  Switzerland  the  majority  of  the  more 
distinguished  geologists  and  palaeontologists  since  the  year 
1820  have  belonged  to  academic  circles.  The  famous  names 
of  Eduard  Suess,  Ferdinand  von  Hochstetter,  and  Melchior 
Neumayr  are  associated  with  Vienna.  Bernhard  Studer  in 
Bern  and  Arnold  Escher  von  der  Li  nth  in  Zurich  must  be 
regarded  as  founders  of  geological  science,  while  Louis  Agassiz 
and  Eduard  Desor  in  Neuchatel  and  Alphonse  Favre  in 
Geneva  are  names  of  world-wide  fame. 

In  comparison  with  Germany  the  teaching  element  is  less 
equally  distributed  in  France  and  England.  The  huge  metro- 
polis in  each  of  these  countries  has  always  been  the  leading 
centre  of  mental  activities,  and  has  dwarfed  the  minor  centres 
throughout  the  country.  More  especially  is  this  the  case  in 
France,  where  Paris  has  been  the  centre  of  all  geological  and 
palaeontological  efforts  since  the  days  of  Buffon,  Cuvier, 
l^marck,  and  Brongniart.  The  great  French  represen- 
tatives of  these  studies  are  connected  with  the  Botanical 
Gardens,  the  Sorbonne,  or  the  School  of  Mines.  In  the 
provincial  towns  geological  teaching  is  given  partly  by  Univer- 
sity professors,  partly  by  private  teachers,  and  partly  by  mining 
engineers.  In  1830,  Constant  Provost,  together  with  Ami  Bou(§, 
Deshayes,  and  Desnoyers,  founded  the  Geological  Society  of 
France,  which  has  become,  by  means  of  its  publications  and  its 
Congresses,  the  most  influential  French  organisation  in  geology 
and  palaeontology. 

In  Great  Britain,  a  no  less  important  position  is  held  by  the 
Geological  Society  of  London,  founded  in  1807.  Its  publica- 
tions present  a  true  mirror  of  the  whole  historical  development 
of  geology  and  palaeontology  in  Great  Britain  during  the  last 
century,  and  the  list  of  the  Presidents  of  this  Society,  as  well 
as  of  the  Wollaston  medallists,  includes  the  most  deserving 
geologists  of  the  country.  The  old  universities,  Oxford,  Cam- 
bridge, Edinburgh,  Aberdeen,  and  Dublin,  which  in  the  heroic 
period  of  geology  gave  some  of  the  great  founders  to  science, 
still  maintain  their  reputation  in  geology  under  able  professors, 
and  some  younger  colleges,  such  as  Birmingham,  now  rival  the 
older  schools  as  seats  of  scientific  learning.  In  Edinburgh, 
a  number  of  enthusiastic  adherents  of  Hutton  founded  the 
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Scottish  Geological  Society  in  1834,  which  look  ibc  place  of 
Jameson's  "  Wetnerian  Society," 

Scandinavia  early  distinguished  ilseli  in  geological  and 
tnineralogical  studies:  Keilhau  and  Kjcrulf  in  Norway,  Nor- 
denskiold,  Torell,  Lindslrom,  Nathorsi,  and  olliet  Swedish 
investigators,  and  Forchhammer  and  Slcvnstrup  in  Uenmark, 
contributed  much  to  the  rapid  prt^ess  in  the  earlier  decades 
of  the  nineteenth  century.  Italy  suffered  in  its  scientitic 
development  during  the  prolonged  and  frequent  political 
disturbances,  but  much  has  been  done  in  the  latter  half  of  the 
nineteenth  century.  Russia  has,  of  late,  been  inost  energetic 
and  generous  in  its  encouragement  of  geological  and  palKon- 
tological  researches. 

The  third  decade  of  the  nineteenth  century  saw  the  begin- 
ning of  active  geological  research  in  North  America;  and  at 
the  present  day  the  United  States  and  Canada  are  not  bcliind 
any  European  land  in  their  scientific  attainments  and  societies. 

In  proportion  as  geology  continued  to  expand  its  scientific 
interests,  its  bearing  upon  many  important  technical  questions 
began  to  be  realised.  It  was  represented  to  statesmen  that 
geology  could  give  valuable  indications  respecting  mining  and 
industrial  prospects,  road  and  railway  construction,  agriculture, 
and  forestry.  A  desire  crept  in  among  public  bodies  for 
geological  maf)s  and  reports  of  whole  countries,  and  not  only 
of  local  areas  specially  interesting  to  science.  Practical 
England  made  the  beginning.  In  1835,  under  the  direction  of 
De  la  Beche,  the  governmental  department  of  the  Geological 
Survey  of  the  United  Kingdom  was  established,  and  special 
branches  were  formed  for  Scotland  and  Ireland,  and  afterwards 
also  for  the  extra-European  British  Colonies. 

Almost  simultaneously,  Dufrenoy  and  Elie  de  Beaumont 
were  commissioned  in  France  to  prepare  a  general  geological 
map  of  that  country,  and  after  its  completion  in  1 84 1 ,  the  State 
arranged  for  a  more  detailed  survey.  Michel  L^vy  now  directs 
the  French  Survey,  which  is  carried  on  chiefly  by  mining 
engineers.  Other  States  gradually  followed  the  example  of 
Great  Britain  and  France,  and  every  cultured  nation  now  has 
its  Survey  Department  for  the  investigation  of  the  constitution 
of  the  ground  and  the  mineral  products  wi[hin  its  territories. 

The  establishment  of  State  Surveys  naturally  removed  some 
of  the  work  that  had  previously  fallen  to  the  share  of  Univer- 
■jty  professors  and  tutors;  in  not  a  few  countries,  however,  the 
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professors  have  to  combine  both  University  and  Survey  duties, 
'i'he  Survey  Departments  have  always  preserved  a  strictly 
scientific  character,  and  while  fulfilling  to  the  utmost  the 
practical  and  commercial  purposes  for  which  they  were  in  the 
first  instance  called  into  existence,  their  systematic  treatment 
of  vast  land  areas  has  furnished  the  pure  science  of  geology 
with  a  wealth  of  observations  of  inestimable  value  for  its  more 
abstruse  problems. 

The  progress  of  geological  cartography  brought  the  results  of 
one  State  Survey  into  touch  with  those  of  its  neighbours.  So 
far  as  geology  is  concerned,  the  present  boundaries  between 
adjacent  countries  are  merely  of  accidental  character,  even  the 
present  configuration  of  a  land  surface  is  merely  an  episode  in 
the  historical  cycle  of  events;  in  the  previous  epoch  lands  now 
separated  may  have  been  the  common  floor  of  a  bygone  sea. 
The  nature  of  geological  and  palseontological  studies  necessi- 
tates a  constant  interchange  of  knowledge  between  the  different 
countries  of  the  globe.  The  geologists  of  the  Paris  basin,  for 
example,  must  know  the  results  of  the  geologists  of  the  London 
basin,  maps  ought  to  agree,  faunas  ought  to  be  compared;  and 
these  considerations  led  to  the  institution  of  International 
Geological  Congresses,  where  geologists  from  all  countries 
might  discuss  the  problems  of  common  interest  to  the  science. 
Some  of  the  greatest  men  of  our  time,  in  attending  these 
Congresses,  have  expressed  their  conviction  that  the  intellectual 
fellowship  of  interest  renders  them  a  humble  means  towards 
a  very  great  end,  whereby  nations,  by  better  acquaintance 
with  each  other,  may  become  more  firmly  welded  in  political 
friendship. 

Geology  and  palaeontology  give  great  promise  for  the 
twentieth  century  In  another  hundred  years  the  whole 
surface  of  the  earth  will  perhaps  be  so  well  known,  that  works 
on  comparative  topographical  geology  will  be  fully  accomplished 
along  the  lines  which  Eduard  Suess  has  so  ably  initiated  in 
his  Antlitz  der  Erde.  If  at  the  same  time  the  structural  and 
physical  problems  of  the  solid  earth-crust  continue  to  be 
accurately  investigated  in  all  parts  of  the  earth,  it  may  be 
possible  to  determine  the  actual  physical  sequence  of  events  in 
the  origin  and  development  of  our  planet. 

Again,  the  palaeontologist  notes  with  interest  how  the  study 
of  past  forms  of  life  is  brought  every  year  into  closer  relallon 
with  biological  researches,  and  how,  as  faunas  and  floras  from 
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foreign  parts  become  belter  known,  the  gaps  in  the  palreonlo- 
logical  record  are  shown  to  be  less  insurmountable  tlian  w.is  at 
first  supposed.  On  the  other  hand,  it  may  be  that  an  enriched 
knowledge  of  extinct  organic  remains  and  their  precise  distri- 
bution in  the  various  layers  of  the  strati^raphlcal  succession 
throughout  the  globe,  will  enable  biologists  lo  dtaw  moie 
definite  conclusions  regarding  the  first  derivation,  and  the 
history  of  the  descent  and  di;vt;lopnicnl  of  the  m.iiiifold  forms 
of  organic  life  that  have  pcopkd  the  larili. 
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CHAPTER  I. 

COSMICAL  GEOLOGY. 

Cosmogony, — It  does  not  come  within  the  domain  of  geology 
to  investigate  the  origin  of  the  universe  and  of  solar  and 
planetary  systems.  Yet  such  investigations  are  so  closely 
associated  with  the  origin  and  earliest  history  of  the  earth, 
that  the  results  attained  by  astronomical  researches  have  at 
all  times  exerted  an  influence  upon  the  views  of  geologists. 
Visionary  speculations  about  the  beginnings  of  the  universe 
and  the  earth  were  much  in  favour  during  the  eighteenth 
century,  and  almost  every  geological  work  of  a  general  char- 
acter had  an  astronomical  introduction.  In  the  early  part  of 
the  nineteenth  century  speculation  gave  place  before  the  great 
discoveries  that  were  being  made  in  astronomical  physics. 
'J'lie  explanation  given  by  Kant  and  Laplace  of  the  origin  of 
the  universe  and  the  solar  system  found  general  acceptance, 
and  further  speculations  on  cosmogony  and  geogeny  were 
thought  to  be  either  unnecessary  for  the  immediate  purposes 
of  geology  as  a  science,  or  were  discouraged  on  account  of 
their  tendency  to  be  wholly  theoretical.  Thus  there  followed 
a  long  period  during  which  the  cosmical  aspects  of  geology 
made  little  advance. 

In  the  year  187 1,  at  Brunswick,  Helmholtz  gave  expres- 
sion in  a  popular  lecture  to  the  current  conception  of  the 
earth's  origin,  based  upon  the  principles  of  Kant  and  Laplace: 
"Our  solar  system  was  originally  a  chaotic  nebular  ball;  at  the 
beginning,  when  the  nebular  mass  extended  as  far  as  the  path 
of  the  outermost  planets,  many  millions  of  cubic  miles  could 
contain  scarcely  one  gramme  of  mass.  At  the  time  when  this 
nebula  became  separated  from  the  nebular  masses  of  the 
neighbouring  fixed  stars,  it  possessed  a  slow  movement  of 
rotation.  The  natural  attraction  of  its  parts  caused  the  nebula 
to  condense,  and  in  proportion  as  it  condensed,  rotation  must 
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have  become  more  rapid,  and  have  tended  to  make  it  discoid. 
From  time  to  time  masses  became  separated  at  the  circum- 
ference of  this  disc  under  the  influence  of  the  increasing 
centrifugal  force.  These  masses  again  assumed  the  form  of 
rotating  nebular  balls,  and  etlhcr  simply  condensed  as 
planets,  or  during  condensation  also  gave  olTin  turn  peripheral 
masses  which  became  satellites  or  remained,  in  the  case  of 
Saturn,  as  a  connected  ring.  In  anotlier  case,  the  mass  which 
separated  at  the  periphery  of  the  main  nebula  broke  up  into  a 
number  of  nebular  fragments,  and  gave  origin  to  the  swarm  of 
small  planets  between  Mars  and  Jupiter.  It  has  been  deter- 
mined more  recently  that  this  process  of  condensation  of 
loosely  composed  bodies  is  still  continuing,  although  in  less 
degree," 

A  new  field  of  research  was  opened  for  astronomy  in  1859. 
when  the  spectroscope  was  discovered  by  KirchhoEf  and 
Bunscn.  It  was  then  rendered  possible  to  learn  something 
delinite  about  the  materials  composing  the  stars  and  the  sun. 
By  the  use  of  ih.;  spL'Ctroscopu  it  has  b<:i:n  ascertaiivjd  th.il  all 
matter  has  essentially  the  same  constitution  throughout  the 
universe,  the  same  substances  taking  part  in  the  composition 
of  the  earth,  the  sun,  the  fixed  stars,  and  the  planetary 
nebula. 

The  mechanical  theory  of  heat,  together  with  the  principle 
of  conservation  of  energy  founded  by  Robert  Mayer  and  by 
Helmholtz,  afforded  an  exact  explanation  of  the  high  tempera- 
ture of  self-luminous  cosmical  bodies,  since  an  enormous  supply 
of  heat  must  be  absorbed  during  the  processes  of  condensation 
of  gases  and  differentiation  of  atoms.  According  to  Helm- 
holtz, the  supply  of  heat  which  the  sun  has  accumulated  during 
its  condensation  is  sufilicient,  if  calculated  on  the  basis  of  its 
present  expenditure  of  heat,  to  have  extended  over  an  interval 
of  time  in  the  past  equivalent  to  twenty-tno  milhon  years. 
And  as  the  sun  is  still  in  process  of  condensation,  it  may  yet 
continue  for  many  millions  of  years  to  radiate  and  to  impart 
its  animating  sunshine  to  the  planets. 

Thus,  in  respect  of  the  unity  of  matter  and  the  temperature 
of  solar  and  planetary  bodies,  the  nebular  theory  of  Kant  and 
Laplace  was  confirmed  by  spectroscopical  research  and  by  the 
mechanical  theory  of  heat.  But  it  encountered  serious  diffi- 
cuhy  when  astronomers  discovered  that  the  rotation  of  the 
satellites  of  Uranus  and  Neptune  takes  place  from  east  to  west, 
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a  fact  of  which  neither  Kant  nor  Laplace  had  been  aware. 
Uniformity  in  the  rotation  of  all  the  bodies  in  the  solar  system 
is  the  fundamental  conception  in  the  theory  of  Laplace ;  yet 
this  conception  was  directly  contradicted  by  the  discovery  that 
the  satellites  of  the  two  planets  farthest  from  the  sun  rotated 
in  a  direction  opposite  to  the  direction  of  rotation  of  all  other 
known  bodies  in  the  solar  system.  Other  weak  points  in  the 
theory  of  Laplace  rendered  it  open  to  criticism.  Kant  had 
supposed  that  the  atoms  of  primitive  matter  originally  pos- 
sessed the  property  of  mutual  attraction  and  repulsion,  and  a 
whirling  motion,  and  that  they  gradually  attained  a  uniform 
rotatory  movement,  while  Laplace,  on  the  other  hand,  had 
assumed  the  rotatory  movement  as  inherent  in  matter;  but 
neither  Kant  nor  Laplace  had  tried  to  offer  a  satisfactory 
explanation  of  the  phenomena  of  rotation.  Moreover,  these 
physicists  had  not  attempted  to  explain  the  incandescent  state 
of  certain  celestial  bodies ;  Laplace  had  merely  assumed  that 
matter  was  provided  with  an  indefinite  supply  of  heat,  without 
offering  any  scientific  hypothesis  for  the  origin  of  heat.  Again, 
a  further  contradiction  was  presented  to  the  theory  of  Kant 
and  l^place  by  the  approach  of  comets  from  regions  of  con- 
siderable space  beyond  the  solar  system. 

Several  attempts  were  made  to  replace  the  theory  of  Kant 
and  Laplace  by  a  more  satisfactory  one.  One  of  these  was 
Madler's  hypothesis  in  1846,  which  postulated  a  common 
centre  for  the  whole  universe  of  fixed  stars,  but  not  a  central 
sun  whose  superiority  of  mass  controlled  the  movements  of 
other  bodies.  The  movement  of  fixed  stars  was  said  to  be 
under  the  direction  of  an  ideal  centre  of  gravity.  This  assump- 
tion contradicted  the  idea  of  the  successive  formation  of  rings 
and  the  separation  of  masses  of  matter  from  a  central  body. 
According  to  Madler,  the  ring-theory  of  Laplace  could  not 
possibly  be  held  to  apply  to  the  numerous  double  stars. 

The  French  astronomer,  Faye,  brings  forward  some  re- 
markable conceptions  in  his  recent  work,  Sur  fOngine  du 
Monde,  published  in  1896.  Faye  does  not  accept  the 
existence  of  a  central  mass  either  in  the  case  of  the  heaven  of 
fixed  stars,  or  in  our  solar  system.  He  supposes  that  originally 
a  part  of  the  universal  matter  had  a  slow,  whirling  movement, 
and  that  neighbouring  masses  of  matter  developed  a  movement 
in  a  similar  direction  as  a  consequence  of  the  action  of  gravita- 
tion and  mutual  attraction.      Thus  the  myriad  of  heaveniy 
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bodies  took  origin,  and  during  condensation  developed  heat 
and  light  If  a  star  has  planets  associated  with  it,  as  in  the 
case  of  our  sun.  the  origin  of  these  planets  is,  accordinn  to 
Faye,  to  be  traced  to  the  original  slow,  whirling  movement  of 
some  part  of  universal  matter. 

Considerable  masses  of  primitive  matter  unite  in  the  form 
of  flattened  rings,  originally  surrounding  an  empty  centre  of 
gravitation.  The  rings  are  gradually  disrupted  into  a  number 
of  rotating  masses,  whirling  with  the  same  direction  as  the 
parent  ring,  greater  masses  attract  smaller,  absorb  them,  and 
finally  a  spherical  body  is  formed.  The  planets  originate  in 
this  way,  those  planets  forming  first  whose  component  rings 
are  relatively  nearer  ihe  centre  of  gravitatioa  Kleantime, 
finely  divided  fragments  of  matter  meet  in  the  centre  of  such  a 
system,  and  begin  to  give  origin  to  a  sun.  It  is  impossible 
here  to  enter  further  into  these  new  conceptions  of  cosmogony 
so  recently  advanced  by  Faye. 

The  Sun. — The  first  information  about  the  physical  constitu- 
tion of  the  sun  was  obtained  by  the  use  of  the  telescope- 
David  Fabricius,  the  son  of  a  pastor  in  East  Frisia,  dis- 
covered in  the  year  1610  movable  spots  on  the  sun,  and  his 
observations  were  confirmed  a  few  months  later  by  the 
Bavarian  Jesuit  Scheiner,  by  the  Englishman  Harriot,  and 
the  Italian  Galilei.  Fabricius  explained  the  sun-spots  as 
slaggy  separations  from  the  inner  incandescent  nucleus  of  the 
sun ;  Scheiner  regarded  them  as  foreign  masses  circulating 
round  the  sun ;  Galilei  thought  them  clouds  occurring  in  the 
sun's  atmosphere. 

From  the  variability  in  the  position  of  the  sun-spols  Scheiner 
drew  for  the  first  time  the  important  conclusion  that  the  sun 
rotated. 

The  significance  of  the  sun-spots  is  still  a  matter  of  dis- 
cussion among  astronomers.  Herschcl  suggested  in  the  early 
years  of  last  century  that  the  sun-spols  were  cavities  in  the 
glowing  atmosphere,  through  which  the  dark  body  of  the 
sun  was  visible.  This  suggestion  found  much  acceptance, 
until  it  was  disproved  by  the  speclroscopical  researches  of 
Kirch  hoff. 

KirchhofT  in  1861  showed  that  the  white-hot  sun's  mass  was 
surrounded  by  a  photosphere  in  which  numerous  substances 
familiar  to  us  in  the  earth's  .constitution  were  present  in  a 
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state  of  vapour.  Kirchhofi  then  suggested  that  clouds  formed 
in  the  white-hot  photosphere,  and  that  these  clouds  became 
darker  as  they  cooled,  thus  giving  origin  to  the  appearance  of 
sun-spots. 

Zollner  contested  this  hypothesis  on  the  ground  of  the  rela- 
tively small  variation  in  the  shape  of  the  spots,  and  agreed  with 
the  explanation  given  by  Fabricius.  Reye  and  Faye  regarded 
the  sun-sp>ots  as  a  result  of  cyclones  in  the  lower  region  of  the 
sun's  atmosphere.  There  can  be  no  doubt  that  storm  move- 
ments take  place  at  the  surface  of  the  sun.  This  was  made 
evident  when  Sir  Norman  Lockyer  in  1869,  and  in  his  later 
work  on  Solar  Physics  (i$73),  demonstrated  the  presence  of  a 
mantle  of  glowing  vapour  from  which  there  projected  gigantic 
torch-like  protuberances  subject  to  violent  movement  Lockyer 
called  the  outer  mantle  of  the  sun  "  chromosphere  "  on  account 
of  its  red  colour. 

All  the  modern  theories  about  the  constitution  of  the  sun 
a^ree  in  assuming  that  it  must  have  received  an  immeasurably 
great  supply  of  heat  during  its  condensation,  and  that  already 
a  considerable  quantity  has  been  lost  by  radiation.  Neverthe- 
less, the  sun  is  still  in  a  white-hot  condition,  and  replaces  the 
loss  of  heat  by  continued  condensation  and  by  absorption  of 
matter  attracted  from  sidereal  space.  The  spectroscopical 
researches  of  Kirchhoff,  Secchi,  Zollrier,  Lockyer,  Young,  and 
others,  have  demonstrated  that  more  than  half  of  the  terrestrial 
elements  are  present  in  the  composition  of  the  sun. 

In  the  present  position  of  astronomical  research  there  is  no 
precise  means  of  determining  the  temperature  of  the  sun, 
although  its  size  and  density  are  well  known.  The  sun  is 
more  than  a  hundred  times  larger  than  the  earth,  but  has  only 
a  quarter  of  the  earth's  density.  It  follows  from  the  continuity 
of  the  sun's  spectrum  that  the  sun's  nucleus  is  incandescent, 
but  it  is  difficult  to  decide  whether  the  material  is  in  a  liquid 
state,  as  Kirchhoff  and  Zollner  suppose,  or  whether  Secchi 
and  Faye  may  be  correct  in  supposing  the  nucleus  to  be  for 
the  most  part  gaseous,  including  some  denser  portions  in  a 
state  of  stormy  movement. 

The  Fixed  Stars  and  Plane  is. — While  the  sun  represents 
a  celestial  body  not  yet  fully  consolidated,  although  in  an 
advanced  stage  of  condensation,  the  nebulic,  fixed  stars,  and 
planets  give  indication  of  the  phases  of  development  through 
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which  a  celL-siial  body  passes  bofofe  and  after  iis  consoUda- 
lion. 

The  differences  in  [he  colour  and  brightness  of  Ihe  fixed 
stars  suggested  to  ihe  early  astrologists  that  the  stars  differed 
in  their  individual  constitution.  The  catalogue  of  the 
Ptolemaic  Stellar  Chart  classifies  the  stars  in  six  groups 
according  to  their  brilliancy.  The  attempt  nas  frequently 
made — by  Sir  William  Herschel  among  others — to  erect  a  more 
precise  system  upon  the  basis  of  the  intensity  of  the  light 
radiated  from  the  different  stars,  but  no  satisfactory  result  was 
obtained.  The  grouping  of  stars  according  to  their  colour 
met  with  more  success.  The  early,  astrologists  distinguished 
white,  yellow,  and  red  stars;  in  1686  Mariotte  observed  blue 
stars  for  the  first  time;  and  later,  in  1782,  Herschel  observed 
double  stars  displaying  different  colours.  By  means  of  the 
spectroscope  recent  researches  hare  arrived  at  an  explanation 
of  the  different  brilliancy  and  colour  of  the  fixed  stars. 

The  sun  and  all  fixed  stars  have  a  continuous  spectrum  that 
is  interrupted  by  the  dark  lines  of  the  vaporous  substances  in 
the  photosphere;  the  Fraunhofer  lines  are  absent  in  the  spectra 
of  planets,  or  bodies  which  have  only  reflected  light.  Angclo 
Secchi  in  his  work  on  "the  sun,"  in  187*,  distinguished  four 
groups  according  to  the  spectroscopical  character  of  the  stars: 
I,  white  and  blue;  2,  yellow;  3,  orange-coloured  and  red; 
4,  blood -red. 

Secchi,  Vogel,  and  Schciner  (1890)  regard  the  differently 
coloured  stars  as  bodies  representing  different  phases  in  the 
cooling  of  nebulous  masses.  According  to  their  investigations, 
the  white  and  blue  stars  are  the  brightest  and  hottest;  their 
temperature  is  so  high  that  the  gases  and  metallic  vapours  in 
their  photosphere  only  exert  a  very  slight  absorptive  power, 
and  the  spectra  are  consequently  either  quite  simple  or  show 
extreme  faint  lines.  The  vast  concourse  of  yellow  stars  are  in 
the  farthest  phase  of  condensation,  which  is  represented  by 
the  sun  or  central  star  of  our  system;  their  spectra  exhibit 
numerous  and  powerful  dark  hnes,  indicating  the  presence  of 
several  of  the  metals  in  addition  to  gases  and  metallic  vapours. 
The  spectra  of  the  red  stars  display  broad  dark  streaks  indi- 
cative of  metallic  compounds,  and  it  is  inferred  that  the 
temperature  in  those  stars  must  be  sufficiently  reduced  to 
allow  the  metallic  vapours  in  the  atmosphere  to  enter  into 
various  chemical  combinations.     The  spectra  of  some  of  the 
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nebulae  were  examined  in  1869  ^7  Huggins  and  Miller,  and 
the  results  indicated  the  presence  of  vapour,  of  water,  and  in 
addition  an  element  which,  unknown  in  the  earth,  has  been 
determined  in  the  sun's  spectrum  and  termed  *'  helium." 

Next  to  the  red  stars  may  be  grouped  the  so-called  new 
and  variable  stars,  sometimes  brilliantly  luminous,  sometimes 
growing  rapidly  obscure  or  quite  vanishing  from  observation. 
These  probably  represent  bodies  in  a  far-advanced  stage  of 
cooling,  but  which,  owing  to  collision  with  other  bodies  in  the 
universe,  or  to  intemsd  changes,  temporarily  ignite,  emit 
eruptions  of  glowing  gases,  and  perhaps  in  some  cases 
also  eruptions  of  molten  rock-masses. 

By  mathematical  calculations  astronomers  have  determined 
that  in  addition  to  luminous  stars,  there  must  be  completely 
cooled  dark  bodies  in  the  vault  of  heaven.  Thus  the  sidereal 
world  exhibits  all  phases  from  the  nebulous,  incandescent, 
gaseous,  and  vaporous  states  to  the  cooled  and  solid  condition. 

The  further  history  of  a  cooled  celestial  body  surrounded 
by  a  firm  crust  is  displayed  in  the  various  conditions  of  the 
planets  and  satellites  of  our  solar  system,  and  these  have 
therefore  a  closer  interest  for  geology.  The  planets  move 
round  the  sun  in  slightly  elliptical  paths  at  definite  distances 
from  it.  Of  the  six  planets  that  were  known  in  early  astrology, 
Mercury  is  nearest  the  sun  in  position,  and  has  itself  a  diameter 
of  648  miles;  Venus  (diam.  1,613  niiles)  follows  Mercury, 
then  the  Earth  (diam.  1,719  miles),  then  Mars  (diam.  909 
miles),  Jupiter  (diam.  19,000  miles),  and  Saturn  (diam. 
16,675  miles).  Herschel  in  1780  discovered  on  the 
farther  side  of  Saturn  the  planet  Uranus  with  a  diameter 
of  about  8000  miles,  and  Leverrier  in  1846  discovered,  by 
mathematical  calculation,  the  outermost  planet,  Neptune,  with 
four  and  a  half  times  the  diameter  of  the  earth. 

The  paths  of  Mars  and  Jupiter  are  separated  by  a  much 
greater  distance  from  one  another  than  the  paths  of  the  inner 
planets.  Piazzi  in  1801  discovered  the  small  planet  Ceres  in 
this  gap,  and  later  there  have  been  discovered  more  than  400 
small  planetoids  or  asteroids,  a  number  which  is  continually 
being  added  to  by  new  researches.  The  Earth  has  one 
satellite.  Mars,  two,  Jupiter  five,  Uranus  four,  Saturn  eight, 
Neptune  one.  Saturn  is  also  further  distinguished  by  the 
possession  of  a  broad  ring  freely  suspended  over  the  equator 
and  separated  into  three  parts. 
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In  comparison  with  the  Earth,  the  relative  density  of  the 
planets  is  as  follows : — 


Sun 

.     0.25 

Jupiter 

.    0.24 

Mercury 

1. 12 

Saturn 

•    0.13 

Venus  . 

.     1.03 

Uranus 

0.17 

Earth    . 

.     i.oo 

Neptune 

.    0.16 

Mars     . 

0  70 

The  inner  planets  are  therefore  considerably  heavier  and  more 
firmly  consolidated  than  the  outer. 

Great  advances  have  been  made  in  our  knowledce  of  the 
physical  constitution  of  the  planets  by  means  of  improved 
telescopic  methods  and  the  construction  of  the  modem  laige 
telescope.  Mars  has  always  been  an  interesting  object  of 
astronomical  observation.  As  early  as  1659,  Huygens 
observed  white  spots  at  both  poles,  and  the  elder  Henchel 
in  1 781  was  able  to  draw  a  sketch  of  the  surface  of  Mars, 
which  was  afterwards  improved  by  Hieronymus  Schroter  on 
the  basis  of  researches  conducted  between  1786  and  1803. 
Beer  and  Madlcr  distinguished  pale,  white,  and  yellowish-red 
spots  from  dark  greenish-blue  spots,  and  regarded  the  former 
ns  land  masses,  the  latter  as  seas.  Maps  of  Mars  were  pu\y- 
lished  by  several  other  astronomers.  The  Milan  astronomer, 
Schiaparelli,  published  in  1878  a  work  which  added  much  to 
our  knowledge  of  Mars.  The  dark  streaks  crossing  the  light 
spots  in  straight  or  in  l)ent  lines,  opening  into  the  dark,  iron- 
grey  seas,  are  regarded  by  Schiaparelli  as  canals,  and  are 
mapped  with  hitherto  unsurpassed  precision,  while  he  confirms 
the  observation  that  mountain-chains  and  solitary  mountains 
are  quite  absent. 

The  telescopic  examination  of  the  rest  of  the  planets  has  so 
far  brought  less  satisfactory  results.  The  small  planet  Venus, 
next  in  position  to  the  Earth,  seems  to  be  surrounded  by  a 
dense,  cloudy  atmosphere,  which  obscures  the  view  of  the 
actual  surface  of  the  planet ;  at  the  same  time  recent  observa- 
tions have  demonstrated  round  or  elliptical  spots  of  light 
colour  (perhaps  continents  dimly  visible  through  the  atmo- 
sphere), and  these  are  separated  from  one  another  by  dark 
ribbon-like  streaks. 

Kecler  in  1889,  by  the  use  of  the  famous  refractor  of  the 
Lick  Observatory,  obtained  the  first  information  al>out  the 
constitution   of  Jupiter.      With  this  instrument  two  reddish 
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bands  are  visible  at  both  sides  of  the  equator,  and  a  number 
of  smaller  streaks  run  parallel  to  them.  An  elliptical  red  spot 
can  also  be  seen.  From  these  observations  it  would  appear 
that  this  planet  is  encircled  by  a  mantle  of  cloud  or  by  floating 
layers  of  vapour,  through  which  the  still  incandescent  nucleus 
shows  itself  as  a  red  spot.  Saturn  displays  a  surface  similar  to 
that  of  Jupiter ;  its  remarkable  ring  was  explained  by  Kant  as 
a  vaporous  mass  composed  of  infinitely  fine  particles.  The 
two  outermost  planets  are  too  remote  from  the  Earth  to  permit 
of  detailed  telescopic  examination. 

As  regards  the  spectra  of  the  planets,  Fraunhofer  had 
determined  their  agreement  with  the  sun's  spectrum,  and  in 
more  recent  years  the  spectroscope  has  shown  that  for  the 
most  part  the  planets  only  reflect  the  sun's  rays. 

If  one  may  venture  to  draw  conclusions  from  these 
observations,  Mars  with  its  thin  atmosphere  may  probably  be 
regarded  as  the  planet  most  akin  to  the  Earth.  Mars,  and 
possibly  Venus,  with  its  thick  cloud-mantle,  are  the  only 
planets  upon  which  living  creatures  could  be  supposed  to 
exist  Life  must  be  impossible  on  Mercury  on  account  of  its 
proximity  to  the  sun ;  Jupiter  and  Saturn  radiate  light  of  their 
own  to  a  certain  degree,  and  are  probably  still  in  an  incan- 
descent state.  The  spectra  of  Uranus  and  Neptune  would 
seem  to  indicate  a  condition  of  incomplete  consolidation,  and 
the  low  density  of  these  planets  is  an  additional  fact  in  favour 
of  this  hypothesis. 

The  Moon, — The  moon  is  the  heavenly  body  which  has 
been  examined  by  astronomers  in  greatest  detail.  This  has 
been  rendered  possible  by  its  relatively  small  distance  from 
the  earth,  the  absence  of  water  or  clouds,  as  well  as  by  the 
absence  or  very  slight  development  of  an  atmosphere  on  the 
side  of  the  moon  which  is  exposed  to  us.  Although  classical 
literature  contains  scattered  observations  regarding  the  moon's 
surface,  the  cartography  of  the  moon  was  not  attempted  until 
the  telescope  came  into  use.  Then  Galilei  and  other  astro- 
nomers of  the  seventeenth  century  made  sketches  of  the 
moon's  surface.  In  the  middle  of  the  eighteenth  century 
Professor  Tobias  Mayer  projected  a  topographical  map  of  the 
Tioon  on  the  basis  of  measurements,  the  precision  of  which 
far  surpassed  previous  attempts.  In  the  earlier  part  of  this 
century  several  astronomers  published  maps  and  reliefs  of  the 
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moon  on  various  scales.  The  largest  chart  was  published  on 
1878  by  Julius  Schmidt,  and  with  the  work  of  this  great 
astronomer  the  older  methods  of  investig^on  may  be  said  to 
have  reached  their  highest  poinL 

"A  new  era  began  with  the  application  of  photography  to 
the  representation  of  moon  landscapes.  Wairen  de  la  Rue  in 
London,  Draper  and  Rutherford  in  America,  obtained  photo- 
graphs of  remarkable  beauty.  But  the  earlier  results  of 
photography  were  far  exceeded  when  the  astronomers  of  the 
Lick  Observatory  in  California  made  use  of  their  giant  lens. 
The  large  number  of  landscapes  obtained  by  this  means  are 
now  being  compiled  by  Weioek  in  Prague,  and  a  large  Atlas 
of  the  moon  is  being  prepared.  The  English  astronomers, 
Nasmyth,  Carpenter,  Proctor,  and  Neison  have  also  contri- 
buted very  greatly  within  the  last  twenty  years  to  the  know- 
ledge of  the  constitution  of  the  moon. 

From  all  these  observations  it  has  been  proved  that  the 
moon,  unlike  Mars,  has  no  seas  and  canals,  in  short  no  water, 
but  possesses  a  wonderful  array  of  mountains.  With  the  naked 
eye,  darker-looking  areas  can  be  distinguished  on  the  moon's 
surface.  From  these  rise  numerous  conical  mountains,  trun- 
cated at  the  top  and  with  deep  craters,  ring-shaped  mountain- 
ramparts,  and  magnificent,  deeply-fissured  mountain-massives, 
whose  summits  are  as  high  as  25,000  feet  above  the  surround- 
ing areas.  In  addition  to  these  mountain-craters  and  rings 
which  indicate  a  volcanic  origin,  certain  rents  have  been 
discovered  by  Schroter  in  the  plains,  sometimes  penetrating 
the  volcanic  cones,  and  therefore  clearly  of  subsequent  origin. 
A  special  geological  interest  attaches  also  to  the  presence  of 
light  streaks  radiating  from  the  craters.  Whilst  the  rents 
might  readily  find  an  explanation  as  fractures  due  to  contrac- 
tion, the  radially -arranged  light-streaks  present  a  difficult 
question,  and  some  authorities  incline  (o  regard  them  as 
streams  of  lava,  others  again  as  evidences  of  sulphurous 
springs. 

The  surface  conformation  of  the  moon  is  by  no  means 
constant  in  character.  Schmidt  in  1S66  confirmed  the  dis- 
appearance of  an  earlier  crater,  while  Klein  and  Neison  in 
1877  saw  the  formation  of  a  new  crater. 

The  American  geologist  Gilbert  has  contested  the  opinion 
generally  accepted  at  the  present  day,  that  the  craters  and 
/■ing-shaped  ramparts  in  the  moon  are  volcanic  in  their  origin. 
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Gilbert  regards  them  as  impressions  made  upon  the  moon  by 
the  collision  of  gigantic  meteorites. 

More  recently,  Schmick,  George  Darwin,  and  Ebert  have 
endeavoured  to  trace  the  surface  conformation  of  the  moon  to 
the  undulations  of  a  magma  originally  in  hot,  flowing  con- 
dition. Suess  has  also  elucidated  the  present  surface  of  the 
moon  upon  the  basis  of  volcanic  occurrences;  he  compares 
lunar  surface  forms  with  the  internal  seething  and  buoyancy  of 
melted  masses  of  mineral  or  metallic  material,  and  in  this  way 
sets  forth  a  genetic  table  of  the  various  lunar  forms. 

Meteorites  and  Failing  Stars. — Reports  of  stones  and  masses 
of  iron  fallen  from  the  heavens  may  be  traced  into  remote 
periods  of  antiquity.  The  oldest  known  account  is  a  report  in 
China  in  the  year  644  B.a  The  Phoenicians,  EgyptianSi  and 
Greeks  used  to  preserve  meteor-stones  in  temples,  and  to  do 
honour  to  them  as  visible  signs  sent  them  by  their  gods. 

Pliny  has  recounted  how  at  iEgos  Potamos,  in  Thracia,  in 
the  year  476  b.c.,  a  mass  of  iron  fell,  "as  large  as  a  chariot," 
and  was  afterwards  said  by  Anaxagoras  to  have  been  a  frag- 
ment broken  from  the  sun. 

Avicenna  mentions  reports  of  fallen  stones  from  Egypt  and 
Persia.  There  seems  little  doubt,  according  to  Consul  von 
Laurin  (1845),  that  the  sacred  stone  in  the  Kaaba  of  Mecca  is 
a  meteorite.  Various  accounts  of  meteorites  in  Germany  date 
from  the  early  Middle  Ages.  A  fall  of  meteorites  took  place 
at  Ensisheim,  in  Alsace,  on  the  7th  November  1492,  and  the 
account  describes  how  a  hot  mass  of  stone,  127  kilogrammes 
in  weight,  fell  into  a  field  of  wheat,  accompanied  by  violent 
noises  and  the  appearance  of  fire.  Emperor  Maximilian  I. 
commanded  that  the  stone  should  be  preserved  in  the  Church 
of  Ensisheim.  During  the  French  Revolution  the  stone  was 
taken  to  Colmar,  and  was  then  considerably  cut  down,  so  that 
now  the  remnant  returned  to  the  Ensisheim  church  only  weighs 
about  40  kilogrammes. 

A  full  report  was  also  given  of  a  shower  of  meteorites  that 
occurred  at  Crema,  in  Italy,  in  1510  or  1511.  Although  the 
number  of  reports  of  fallen  stones  increased  very  greatly  in 
the  seventeenth  and  eighteenth  centuries,  the  scientific  opinion 
of  that  time  made  nierry  over  the  credulity  of  the  people  who 
imagined  the  stones  fell  from  the  heavens. 

Stiitz,  for  example,  who  was  a  director  of  the  Natural  History 
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Collections  in  Vienna,  said  in  1751  that  such  stones  had 
been  erroneously  regarded  as  rarities,  and  should  be  thown 
away!     l^otlunately  this  advice  was  not  followed. 

A  Commission  of  French  observers  was  entrusted  with  the 
investigation  of  a  meteorite  that  fell  at  Luc^,  in  the  province 
of  Maine,  in  September  1768.  The  Comraissloii  drew  up  a 
detailed  description  of  the  mineral  constitution  of  the  stone, 
but  stated  it  to  be  a  physical  impossibility  that  the  stone 
could  have  fallen  from  the  heavens. 

The  great  Wittenberg  physicist,  Chladni,  at  last  demonstrated 
the  correctness  of  the  popular  idea  regarding  meteorites. 
He  published  in  1 794  a  classical  work,  On  Iks  Origin  of  ihe 
mass  of  iron  found  by  PaHas  in  Siieria,  and  thf  fxplanah'an  of 
Ike  physical  a /•/■,■:■.:':-■■  .:  r -■:,,■-.' :,■:"■  f'y  f:/://  ■  ,  ^  .''.■/,  .m.i 
othtr  similar  n:i 

of  cosmic  bodies,  which,  while  travelling  through  space  with 
enormous  rapidity,  come  into  the  neighbourhood  of  the  earth 
and  are  attracted  by  it ;  they  become  heated  by  the  friction  of 
the  atmosphere,  melt  superficially,  and  finally  break  up  owing 
to  the  development  of  gases  and  elastic  fluid  materials.  This 
is,  in  its  essential  features,  the  view  that  is  at  present  held  by 
most  authorities. 

Since  the  appearance  of  Chladni's  work  a  great  number  of 
meteors  have  been  reported,  and  a  careful  register  of  meteor- 
ites has  been  drawn  up  in  the  writings  of  several  astronomers, 
while  the  best  specimens  have  been  placed  in  museums. 

Although  it  might  have  been  supposed  that  the  full  details 
and  the  precise  scientific  basis  of  Chladni's  work  would  con- 
vince all  investigators,  this  was  far  from  being  the  case.  Some 
still  held  the  opinion  that  meteorites  were  of  telluric  origin, 
while  Laplace  and  Berzelius  r^arded  them  as  volcanic  refuse 
from  the  moon.  Tschermak  thought  them  fragments  from 
the  volcanic  eruptions  taking  place  on  the  earth  and  on  other 
cosmic  bodies. 

The  Englishman  Howard  was  the  first  to  investigate  the 
chemical  composition  of  meteorites.  He  showed  that  all 
meteorites  have  a  similar  composition,  and  chiefly  consist  of 
silicic  acid,  magnesia,  iron,  nickel,  and  sulphuret  of  iron.  The 
investigations  of  other  chemists  have  confirmed  Howard's 
results,  and  demonstrated  the  presence  in  smaller  quantity  of 
a  number  of  additional  elements.  In  comparison  with 
leirestriai  rock-material  the   number  of  ingredients   is  very 
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limited.  Quartz,  orthoclase,  felspar,  mica,  hornblende,  leucite, 
nepheline,  garnet,  and  all  hydrous  silicates  are  absent,  whereas 
very  few  of  the  minerals  which  have  been  recognised  in 
meteorites  are  not  known  in  the  earth. 

In  the  latter  part  of  this  century,  thin  sections  of  meteorites 
have  been  examined  microscopically,  and  it  has  been  shown 
that  there  is  more  structural  difference  between  the  terrestrial 
and  meteoric  rock  than  had  been  supposed  from  macroscopic 
examination.  Meteorites  are  in  many  cases  composed  of 
radiating  spherical  bodies  (chondrites)  or  irregular  fragments ; 
the  rent  character,  the  paucity  of  steam  vesicles,  and  the 
absence  of  liquid  contents  give  to  microscopic  slides  of 
meteorites  an  unfamiliar  appearance,  and  seem  to  indicate 
that  they  have  taken  origin  independently  of  the  action  of 
water  and  vapour. 

The  classification  of  meteorites  is  a  very  vexed  question, 
some  authorities  placing  more  value  upon  chemical  and 
mineralogical  distinctions,  and  others  upon  structural  dislinc- 
tions.  Partsch  in  1843  distinguished  two  main  groups — stone 
meteorites  and  iron  meteorites.  Reichenbach  rejected  these 
groups  as  too  broad,  and  classified  meteorites  in  nine 
groups  according  to  physical  character,  especially  the  colour 
and  the  mineral  contents.  Gustav  Rose,  who  was  Professor  of 
Mineralogy  in  Berlin  University,  supported  the  earlier  classifica- 
tion of  Partsch,  but  arranged  sub-groups  upon  a  mineralogical 
basis.  Daubr^e,  the  French  physicist,  in  1867  distinguished 
meteorites  containing  iron  or  Siderites,  from  Asiderites  or 
meteorites  without  iron,  and  sub-divided  these  again. 
Meunier  accepted  Daubr^e's  main  groups,  but  erected  a 
very  large  number  of  sub-groups.  In  England,  the  meteor- 
ites represented  in  the  Collection  of  the  British  Museum 
were  arranged  in  three  groups  according  to  Story-Maskelyne's 
classification  in  1870-71:  (i)  Siderites  (meteoric  iron),  (2) 
Siderolites  (meteoric  stones  containing  iron),  and  (3)  Aerolites 
(meteoric  stones  without  iron). 

The  study  of  meteorites,  as  Daubrde  remarks,  touches 
several  of  the  fundamental  questions  in  the  history  of  the 
universe.  They  are  the  only  specimens  of  n  on -terrestrial  or 
cosmic  bodies  which  we  have  an  opportunity  of  investigating, 
and  which  can  yield  an  insight  into  the  constitution  of  those 
masses  occupying  the  vault  of  heaven.  The  number  of 
accredited  falls  of  meteorites  does  not  exceed  a  thousand,  atvd 
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as  a  rule  the  fragments  which  fall  are  small,  sometimes  nicrtly 
a  dust-shower.  The  fact  that  many  mcleorilcs  consist  wholly 
of  metallic  iron  (with  nickel),  while  others  contain  a  large 
intermixture  of  iron  grains  in  a  matrix  of  silicates,  indicales 
that  iron  plays  a  greater  part  in  the  composition  of  the 
planetoids  than  in  that  of  terrestrial  rock-material,  in  which  it 
almost  always  occurs  in  combination  with  oxygen  or  sulphur. 

In  the  year  1870  Nordenskiold  discovered  on  the  coast  of 
the  Greenland  island  Disko,  near  Ovisak,  gigantic  blocks  of 
solid  nickelic  iron  weighing  several  thousand  kilogrammes. 
These  were  at  first  thought  to  be  meteoritic,  until  Sleenstrup 
and  Daubr^e  showed  that  the  basaltic  rocks  of  Disko  contain 
greater  and  smaller  inclusions  of  iron,  which  are  identical  with 
the  great  blocks  in  every  particular.  It  would  thus  seem  that 
con.sideiable  masses  of  iron  are  actually  present  in  the  interior 
of  the  earth,  as  has  been  assumed  from  the  earth's  specific 
gravity. 

Sir  Norman  Lockyer  in  a  recent  work,  TAe  MeltorilU 
Hypothesis  (1890),  has  attributed  a  very  important  part  to 
meteorites  in  cosmology.  He  regards  all  luminous  cosmic 
bodies  as  masses  which  have  originated  from  swarms  of 
meteorites,  or  from  the  collision  of  vapours  to  form  a  cosmic 
sphere, 

Geogeny. — During  the  nineteenth  century  speculations  regard- 
ing the  earth's  origin  followed  for  the  most  part  the  nebular 
theory  of  Kant,  Herschel,  and  Laplace,  and  assumed  that  the 
earth,  in  common  with  all  other  cosmical  bodies,  originated  by 
the  condensation  of  some  part  of  universal  matter.  It  was 
raised  to  a  glowing  heat  during  the  process  of  condensation, 
and  after  a  protracted  period  of  cooling  a  solid  crust  began  to 
form  on  the  exposed  surfaces. 

This  theory  was  further  established  by  Fourier  in  i8ao,  and 
by  Poisson  in  1835.  Nevertheless,  the  Neptunian  doctrine 
which  had  flourished  in  the  end  of  the  eighteenth  century, 
under  the  influence  of  Werner,  was  again  resuscitated,  and  its 
adherents  passed  under  the  name  of  Neo-Neptunists.  The 
Munich  chemist  Fuchs  was  the  leader  of  the  Neo-Neptunists, 
and  amongst  his  followers  were  Schubert,  Schafhautl,  and 
Andreas  Wagner,  Their  conception  of  the  beginning  of  the 
earth  was  literally  the  same  as  that  given  by  the  Bible, 
"In  the  beginning  the  world  was  empty  and  void." 
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The  Neptunist  idea  that  the  solid  materials  of  the  earth  had 
originally  been  held  in  solution  by  a  primaeval  ocean,  no  longer 
harmonised  with  the  advance  of  chemical  knowledge.  Hence 
the  Neo-Neptunist  leader  depicted  the  primitive  earth  as 
amorphous  in  constitution,  silicic  and  carbonic  acid  having 
united  all  the  component  particles  in  a  pasty  mass.  The 
formation  of  rock-material  began  with  the  separation  of  the 
silicates.  Light  and  heat  developed  as  crystallisation  pro- 
ceeded. The  earth  became  self-luminous,  and  "certain  effects 
were  produced  which  have  a  resemblance  to  volcanoes." 
Different  kinds  of  rock  separated  from  the  primitive 
amorphous  substance,  such  as  granite,  syenite,  porphyry, 
gneiss,  crystalline  schists,  greenstone,  slates;  and  afterwards 
sandstone,  quartziferous  sand,  clay,  and  flint.  A  calcareous 
series  formed  contemporaneously  with  the  siliceous  rock-series, 
the  calcareous  rocks  then  becoming  more  strongly  developed 
in  proportion  as  the  siliceous  rocks  were  less  developed.  A  car- 
boniferous series  of  rocks  began  with  the  formation  of  graphite 
and  anthracite,  reached  its  maximum  in  the  Carboniferous 
period,  and  closed  in  the  youngest  mountain-ranges  with 
brown-coal  and  turf. 

Although  the  theory  of  Fuchs  was  so  fantastic  that  it  was 
practically  ignored  by  geologists,  it  had  at  least  the  merit  of 
calling  attention  to  a  possible  origin  of  granite,  gneiss,  schists, 
etc.,  in  some  other  way  than  from  a  molten  magma.  Schaf- 
hautl  was  one  of  the  few  geologists  who  accepted  the  theory  of 
the  aqueous  origin  of  crystalline  rocks,  as  he  had  himself 
succeeded  in  producing  quartz  crystals  artificially  under  the 
action  of  superheated  water. 

Amongst  the  writers  who  supported  the  nebular  theory,  the 
French  physicist  Ampbre  was  one  of  the  most  distinguished. 
In  1833  he  published  his  "  Th^orie  de  la  Terre  "  in  the  Revue 
des  Deux  Mondes.  Ampbre  held  the  view  that  during  the 
gradual  cooling  of  the  earth,  the  substances  arranged  them- 
selves in  the  succession  of  their  melting-points.  Irregularities 
in  the  arrangement  of  the  materials  were  explained  by  Ampbre 
as  a  result  of  chemical  processes  which  caused  a  rise  of 
temperature,  renewed  melting  and  eruption  of  masses  that 
had  already  solidified.  Ampere  further  supposed  similar 
chemical  processes  to  be  still  in  progress  in  the  interior  of  the 
earth,  and  to  be  the  chief  cause  of  mountain-making,  volcanoes, 
and  earthquakes. 
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In  1834  Henry  de  la  Beche  published  his  admirable  work 
entitled  Researches  in  Theoretical  Geology.  He  described  the 
earth's  matter  as  originally  in  a  gaseous  condition,  condensation 
having  taken  place  in  consequence  of  the  constant  radiation  of 
heat  from  the  earth's  surracc.  Gradually  there  formed  round 
the  inner  glowing  nucleus  a  zone  composed  of  heavy  metallic 
substances,  beyond  which  was  a  region  of  lighter,  molten 
oxidts,  and  externally  a  mantle  of  vapours  and  gases.  The 
zone,  rich  in  oxygen  combinations,  afterwards  consolidated  as 
a  firm  crust  of  crystalline  rocks,  which  protected  the  inner 
nucleus  and  prevented  its  complete  cooling,  while  the  outer 
vapours  condensed  in  the  form  of  oceans  upon  the  solid  cruEL 

The  Cambridge  physicist,  \V,  Hopkins,  in  a  series  of  papKn 
(1839-42)  investigated  the  internal  constitution  of  the  earth  by 
means  of  mathematical  calculation.  Assuming  that  the  earth 
was  originally  molten,  then  three  possibilities  are  set  forth  by 
Hopkins  as  a  result  of  cooling  : — 

r.  An  outer  solid  crust  surrounds  a  nucleus  that  is  still 
molten,  or 

2.  The  earth's  sphere  is  surrounded  by  a  lirm  crust,  and 

contains  a  solid  nucleus,  both  separated  by  a  zone 
of  molten  material,  or 

3.  The  earth  may  be  completely  solid. 

Hopkins  calculated  that  the  solid  crust  of  the  earth  had  a 
thickness  of  about  J  or  ^  of  the  earth's  diameter — that  is,  at 
least  one  hundred  and  seventy-two  to  two  hundred  and  fifteen 
geographical  miles.  A  direct  communication  of  the  internal 
molten  material  with  the  surface  of  the  earth  was  therefore 
impossible  in  Hopkin.s's  opinion,  and  he  concluded  that  the 
volcanoes  must  draw  theit  molten  material  from  reservoirs  of 
moderate  size  within  the  solid  crust  of  the  earth. 

At  the  same  time  as  Hopkins  was  following  out  his  mathe- 
matical and  physical  calculations,  Bischof  in  Bonn  was  making 
experiments  similar  to  those  which  had  previously  been 
attempted  by  Buffon.  Bischof  caused  large  balls  of  basalt  to 
be  melted,  and  observed  the  time  required  for  the  cooling  of 
the  melted  basalt.  By  the  application  of  the  results  to  the 
rate  of  cooling  of  the  earth,  Bischof  calculated  that  the  com- 
plete solidification  of  the  earth  would  occupy  a  period  of  three 
hundred  and  fifty  million  years.  Naturally,  the  application  of 
results  obtained  upon  such  a  small  experimental  scale  cannot 
be  rel'ieA  upon  in  any  accurate  scientific  sense.     It  was  shown 
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by  Sir  William  Thomson  (Lord  Kelvin),  in  his  famous  paper 
"On  the  Secular  Cooling  of  the  Earth"  (1862),  that  even 
mathematical  methods  could  not  lead  to  any  definite  calcula- 
tion of  the  age  of  the  earth.  According  to  Thomson  and 
Tait's  Handbook  of  Tfuoretical  Physics^  the  formation  of  a  solid 
crust  took  place  not  less  than  twenty  million  years  ago,  and 
not  more  than  four  hundred  million  years  ago.  Helmholtz 
calculated,  upon  the  basis  of  the  original  temperature  of  the 
earth- vapour,  that  the  age  of  the  earth  might  be  sixty-eight 
million  years. 

In  1893,  the  American  geologist,  Clarence  King,  published 
a  paper  "  On  the  Age  of  the  Earth."  He  supposes  the  earth 
to  have  been  originally  molten,  and  now  to  have  a  solid  nucleus 
and  a  solid  crust,  and  a  zone  of  molten  material  between  crust 
and  nucleus.  From  a  number  of  observations  and  experiments. 
King  concludes  that  the  original  temperature  of  the  earth  was 
not  more  than  2000*  C,  and  that  its  age  might  be  about  twenty- 
four  million  years. 

A  remarkable  theory  of  the  earth's  constitution  was  presented 
by  the  chemist  Sterry  Hunt  in  Canada.  He  starts  from  the 
hypothesis  of  a  homogeneous,  gaseous,  rotating  sphere,  in 
which  the  parts  undergoing  condensation  seek  the  centre; 
there  they  again  become  heated,  and  are  kept  circulating, 
finally  settling  down  in  zones  according  to  their  density  and 
forming  a  molten,  plastic  sphere.  The  consolidation  of  this 
sphere  begins  in  the  central  region.  Slow  cooling  also  goes  on 
at  the  surface  of  the  molten  mass,  and  chemical  combinations 
are  effected  there  owing  to  the  pressure  of  atmospheric  vapours. 
Gradually  a  crust  forms  permeated  with  water,  and  in  its  lower 
horizons  more  immediately  affected  by  the  internal  heat  of  the 
earth,  the  inner  crust  is  again  melted  and  forms  a  plastic 
watery  zone  between  the  solid,  heated  nucleus  and  the  outer 
crust.  This  intermediate  zone  is  the  centre  of  volcanic  action, 
of  earthquakes,  and  of  deforming  changes  in  the  earth's  crust. 

Another  ingenious  thinker  in  this  subject  was  Robert  Mallet 
(18 1 0-81),  a  civil  engineer  in  Dublin.  Mallet  thought  that 
the  cooling  of  the  original  molten  sphere  began  at  the  Poles. 
Certain  portions,  as  they  solidified  at  the  Poles,  sank  into  the 
molten  mass,  but  again  rose  to  the  surface  at  the  equatorial 
regions  and  began  to  return  towards  the  Poles,  the  circulation 
of  rock-material  being  analogous  with  that  of  the  ocean  currents 
at  the  present  day.     The  formation  of  a  crust  proceeded  out- 
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wards  from  the  Poles.  At  Tirst  it  was  merely  a  ihin,  flexible 
rind  on  the  viscous  or  liquid  inner  moss.  Then  the  crust 
while  still  hot,  and  locally  at  a  red  glow,  broke  and  toic ;  the 
first  rains  collected  in  the  depressions,  and  systems  of  tensions 
and  pressures  were  (generated  in  consequence  of  the  subsidence 
of  crust-blocks.  A  more  complete  phase  of  movement  was 
reached  as  the  crust  became  gradually  thicker;  forces  which 
had  during  contraction  been  acting  vertically  towards  the 
centre  were  diverted  in  a  tangential  direction  by  the  resistance 
of  the  crust,  and  produced  the  folds  and  wrinkles  represented 
in  our  mountain-chains.  Continents  and  oceans  also  formed, 
and  the  crust  was  in  a  state  to  sustain  life.  In  Ihc  fourth  or 
final  phase,  to  which  the  present  belongs,  the  crust  has  become 
very  thick;  cooling  and  contraction  are  now  proceeding  very 
slowly;  the  tangential  pressures  called  forth  by  the  sinking 
crust  are  relieved  by  horizontal  compression  of  the  rocks  at 
zones  and  localities  of  crust-weaknesses.  The  work  done  by 
pressure  and  fragmentation  is  converted  into  heat;  and  it  was 
by  means  of  this  transmutation  that  Mallet  explained  the 
origin  of  the  earth's  own  heal,  and  of  volcanoes. 

Mallet's  explanation  was  warmly  contested  by  O.  Lang 
and  Julius  Roth.  I^ng  differed  from  most  physicists  and 
chemists  in  his  opinion  that  an  increase  in  volume  and  not  a 
contraction  took  place  during  the  transition  of  the  earth's 
material  from  the  molten  into  the  solid  state.  He  attributed 
the  origin  of  volcanoes  to  the  expansion  of  the  outer  rock- 
materials  during  their  consolidation  and  the  necessity  of 
additional  space. 

Ries  and  Winkelmann  published  in  1881  a  series  of  observa- 
tions on  the  solidilicalion  of  melted  metals.  Their  results 
were  so  far  favourable  to  Lang's  hypothesis  in  that  they 
proved  that,  with  the  exception  of  cadmium  and  lead,  nearly 
alt  other  metals  are  heavier  in  the  molten  condition  than  in  the 
solid.  At  the  same  time,  Bischofs  experiments  are  contradic- 
tory, since  they  prove  that  the  most  important  pluionic  rocks, 
such  as  granite,  trachyte,  basalt,  suffer  considerable  contraction 
in  passing  from  the  molten  into  the  solid  state. 

j'aye,  whose  principles  of  cosmogony  were  briefly  referred  to 
above  (p.  155),  also  made  an  attempt  to  explain  the  origin  and 
development  of  the  earth  in  agreement  both  with  the  doctrines 
of  modern  astronomy  and  with  those  of  geology  and  paleon- 
tology.    SUrting  from  his  own  standpoint  that  the  earth  and 
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the  inner  planets  were  in  existence  before  the  sun,  Faye 
supposes  that  the  first  traces  of  organic  life  on  the  earth 
originated  under  the  diffuse  light  of  the  still  unconsolidated 
sun,  that  a  uniform  climate  reigned  over  the  whole  earth 
during  the  Primary  epochs,  and  that  consequently  the  distri- 
bution of  plant  and  animal  life  cannot,  as  is  frequently  stated, 
have  proceeded  from  the  Poles. 


riEVglDGRAPHlCAL  CEOLOCV, 

The  subject  of  physiographical  geology  coincides  in  essential 
features  with  that  of  geophysics  (or  physical  geography).  The 
only  distinction  that  may  be  drawn  is  that  while  physical 
geography  deals  more  with  the  description  and  estaci  detennina> 
lion  of  the  physical  properties  of  the  earth's  body,  physio- 
jjraphical  peolosy  concerns  itself  mori;  with  the  causes  and 
effects  of  these  relations.  It  is,  however,  impossible  to  define 
a  strict  line  of  division  between  the  studies  of  geography 
and  geology. 

Certain  questions  about  the  physiography  of  the  earth  had 
been  discussed  by  the  Greek  philosophers,  and  the  knowledge 
of  the  ancients  in  this  domain  had  in  all  probability  been 
comprised  in  a  book  of  Theophrastus.  Unfortunately  the  book 
has  been  lost,  and  is  known  to  us  only  through  excerpts  from 
it  that  appeared  in  the  works  of  later  geographers. 

The  first  work  that  merits  the  name  of  a  physical  description 
of  the  earth  is  the  famous  Geographia  Generalis  of  Bernhard 
Varenius  {Amsterdam,  1672).  In  1661  the  comprehensive 
work  of  Riccioli,  and  in  1664  that  of  Kircher,  appeared; 
nearly  a  hu  ndred  years  later  followed  the  important  geographical 
and  physiographical  text-books  of  the  Dutchman  Lulofs  (i  750) 
and  the  Swede  Tobern  Bergman  (1769).  Bergman's  work  was 
taken  as  a  model  by  the  famous  Werner  in  his  teaching  of 
geognosy,  and  thus  its  style  and  general  treatment  came  to  be 
handed  down  in  the  later  text-books  published  by  pupils  of 
Werner.  All  (he  text-books  of  the  Wernerian  school,  especially 
those  of  Fr.  Ambros  Reuss,  F.  K.  Richter  (Freiberg,  1812), 
and  K.  A.  Kiihn  (Freiberg,  1833),  contain  a  full  account  of 
physiographical  geology. 

in  France,  fiuache  had  in  1756  kept  physical  geography 
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within  narrower  limits  than  his  contemporaries ;  on  the  other 
hand,  Desmarest  in  1795  began  a  very  large  work  in  the  Etuy- 
clopedie  Methodtque^  in  which  he  treated  the  subject  in  the 
wide  sense  more  generally  accepted  at  that  time. 

No  less  a  scientist  than  Immanuel  Kant  was  the  first  in 
Germany  to  hold  academical  lectures  on  physical  geography. 
Kant's  lectures  were  published  in  text-book  form  at  Konigs- 
berg  in  1802.  They  contained  nothing  remarkably  new,  yet 
an  importance  attached  to  them  as  the  first  attempt  to  collect 
the  subject-matter  within  concise  and  definite  limits. 

In  the  years  1827  and  1828  Alexander  von  Humboldt 
delivered  his  famous  lectures  at  the  Berlin  University  and  the 
Academy  of  Singing.  Under  the  inspiring  influence  of  this 
great  geographer,  Friedrich  Hoffmann  prepared  his  inter- 
esting work  on  physical  geography  (1837).  Almost  simul- 
taneously, in  the  year  1836,  Heinrich  Berghaus  published 
at  Gotha  a  Physical  Atlas  which  contained  a  collection  of  maps 
presenting  the  facts  of  physical  geography  in  a  manner  that  at 
once  appealed  to  the  eye  and  understanding.  This  graphic 
treatment  of  the  subject  marked  a  new  and  successful 
departure  in  geography,  which  was  immediately  imitated  in 
other  countries.  The  excellent  Physical  Atlas  of  the  Scottish 
publisher,  Keith  Johnstone,  is  essentially  an  imitation  of  the 
Berghaus  Atlas,  increased  by  a  few  special  maps  of  Great 
Britain,  and  some  additions  contributed  by  two  German  col- 
leagues, H.  Lange  and  A.  Petermann.  The  Geographical 
Institute  at  Gotha  kept  its  leading  place  in  cartographical 
science,  and  published  between  the  years  1886  and  1892  a 
new  and  enlarged  edition  of  the  original  atlas  of  Heinrich 
Berghaus,  under  the  editorship  of  his  nephew,  Hermann 
Berghaus. 

The  year  1845  will  ever  be  remembered  in  geographical 
science  as  the  date  of  the  publication  of  the  first  volume  of 
Alexander  von  Humboldt's  great  work.  The  Cosmos,  This 
magnificent  physical  description  of  the  world  gives  a  complete 
account  of  the  knowledge  of  natural  science  in  all  civilised 
races  up  to  the  middle  of  the  nineteenth  century.  It  is  a  more 
extensive  work  than  had  ever  before  been  undertaken  by  a 
single  individual,  and  a  work  that  is  not  likely  to  be  attempted 
again  in  the  future.  As  Peschel  has  said,  Humboldt's  Cosmos 
comprises  thousands  of  facts,  of  measurements,  and  of  cal- 
culations   reckoned   according   to   the   most   exact   scientific 
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methods  which  were  then  known  ;  it  is  an  imago  mundi,  or 
mirror  of  the  world,  of  the  mosi  faithful  kind. 

Immediately  before  the  publicatiun  of  Humboldl*s  Cosmos, 
in  1844,  Bernhardt  Sluder,  the  Sni^  geologist,  pubhshed  a  text- 
book of  physical  geography  and  geology,  which  is  reniarkabte 
for  its  clearness  of  disposition,  mastery  of  the  subject,  familiarity 
with  the  literature,  and  conciseness  of  treatment. 

Numerous  text-books  of  physiographlcal  geology  appeared 
in  the  latter  half  of  the  nineteenth  century;  amongst  others 
may  be  mentioned  those  of  Oscar  Peschel  (1879),  of  Siegmund 
Giinther  (new  ed.,  1897-99),  '^^  popular  La  T<rrt  of  Elis^ 
R^ius  (1868-69),  those  of  Hann,  Briickner,  and  Kirchhoff, 
and  the  able  chapters  in  Sir  Archibald  Geikie's  Ttxt-book  of 
Gtology  (3rd  ed.,  i893)- 

Form,  Sisf,  and  iVeight  oj  ike  ^arfi.—l'hc  determination 
of  the  form,  the  size,  and  the  'weight  of  the  earth,  although  of 

great  interest  to  geologists,  is  more  especially  the  domain  of 
the  geographer,  and  cannot  here  in  the  narrow  limits  of  space 
be  treated  with  historical  detail.  Suffice  it  to  state  the  present 
standpoint  of  our  knowledge.  For  the  actual  form  of  the 
earth,  with  its  numerous  deviations  from  the  spheroid  of 
rotation,  Listing  proposed  in  187a  the  name  of  "Gcoid,"  and 
it  is  at  present  one  of  the  chief  tasks  of  the  International  Com- 
mission for  tlie  measurement  of  the  degree  to  arrive  at  the  true 
form  of  the  geoid. 

The  form  of  the  geoid,  however,  cannot  be  discovered 
merely  by  trigonometric  methods ;  probably  the  pendulum  will 
play  an  important  part  in  the  future  solution  of  the  problem. 
It  has  already  been  demonstrated  that  the  oscillations  of  the 
pendulum  do  not  everywhere  depend  upon  the  distance  from 
the  earth's  centre;  it  is  more  especially  in  the  interior  of  con- 
tinents that  the  deviations  indicate  a  diminution  in  the  force 
of  gravity.  Faye  is  therefore  of  opinion,  that  in  consequence 
of  the  stronger  cooling,  the  earth's  crust  is  denser  under  the 
floor  of  the  ocean  than  under  the  continents.  Helmert, 
Hergesell,  Drygalski,  and  others,  have  supported  Faye's  hypo- 
thesis in  its  main  features;  they  are  of  opinion,  however,  that 
the  attractive  force  exerted  by  continents  on  neighbouring 
ocean  surfaces  is  more  or  less  compensated  for  by  the  smaller 
density  of  the  earth's  crust  under  the  continents. 

The  pendulum  observations  made  by  Von  Stemeck  in  the 
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eastern  Alps  and  Carpathians  yielded  results  which  showed  as 
a  rule  relative  '* defects  of  mass"  in  the  mountains,  and 
"surplus  of  mass"  in  the  plains,  and  such  results  suggested 
in  geological  circles  a  correlation  between  crust-movements 
and  conditions  of  density  in  the  crust  But,  since  the  publica- 
tion of  these  measurements,  more  recent  observations  taken  in 
the  leading  European  and  foreign  observatories,  have  led  to  the 
conclusion  that  there  is  no  immediate  connection  between  the 
density  of  the  earth's  crust  and  the  tectonic  structure  of  the 
crust 

Pendulum  observations  are  even  more  important  for  the 
determination  of  the  specific  gravity  of  the  earth  than  for 
questions  regarding  its  form.  According  to  the  law  of  gravita- 
tion, the  action  of  two  masses  is  proportional  to  their  size,  and 
inversely  proportional  to  the  square  root  of  the  distance  of 
their  central  points  of  attraction.  Hence  if  a  body  be  simul- 
taneously subjected  to  the  attractive  forces  of  the  earth,  and  of 
another  mass  of  some  considerable  gravity,  the  density  of  the 
earth  may  be  calculated  from  the  result 

The  two  Scotsmen,  Maskelyne  and  Hutton,  made  in  the 
years  1774  to  1776  a  series  of  admirable  experiments  at  the 
mountain  of  Schiehallion,  in  Perthshire.  Their  aim  was  to 
arrive  at  the  density  of  the  earth  by  means  of  the  pendulum 
deviations  in  the  presence  of  the  mass  of  Schiehallion.  The 
size,  form,  and  weight  of  the  solitary  mountain  were  calculated 
by  trigonometry,  and  the  local  deviations  of  the  pendulum 
were  observed  as  the  pendulum  was  brought  into  the  neigh- 
bourhood of  the  disturbing  mass  of  Schiehallion ,  the  result 
was  a  gravity  of  4.713  for  the  earth.  Observations  have  since 
been  taken  at  many  different  parts  of  the  world,  and  various 
figures  have  been  in  later  years  given  for  the  earth's  gravity 
(4.39,  6.62,  and  5.77). 

All  determinations  of  the  earth's  gravity  agree  in  showing 
that  the  gravity  of  the  earth  as  a  whole  is  very  much  greater 
than  the  gravity  of  the  rocky  crust,  which  has  an  average 
gravity  not  exceeding  2.5.  Thus  we  know  the  important  geo- 
logical fact  that  the  interior  of  the  earth  is  neither  empty  nor 
can  it  be  filled  with  water,  but  it  must  consist  of  substances  of 
very  great  weight 

The  EartHs  Internal  Heat  and  the  Constitution  of  its 
Interior, — It  has  long  been  known  that  the  heat  of  the  sun 
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and  the  atmosphere  influences  the  temperature  of  the  ground 
only  to  a  limited  depth  below  the  surface.  It  was  determined 
during  the  eighteenth  century  that  external  in^uences  are 
perceptible  only  within  depths  of  about  30  feet,  or  as  far 
down  as  80  feet,  according  lo  the  geographical  position  of  the 
locality.  At  the  so-called  "  neutral "  zone,  or  critical  horixon 
of  depth,  there  is  a  constant  temperature  which  practically 
corresponds  with  the  average  annual  temperature  of  the  par- 
ticular place.  Below  this  ^onc  of  constant  temperature,  t)ic 
temperature  increases  in  mines,  and  the  increase  can  only  be 
attributed  to  the  earth's  own  heaL  This  increase  of  teni[>cra- 
ture  had  already  been  noted  by  KJrcher  and  Boyle  in  the 
seventeenth  century,  but  it  was  not  until  1740  that  definite 
observations  were  made  by  Gensanoe  in  the  lead-mines  of 
Giromagny  in  the  Vosges.  Gensanne's  result  demonstrated 
an  increase  of  1°  C.  for  114  feet  of  depth.  Measurements 
were  made  in  1790  and  1791  in  the  Freiberg  mines  by  Freies- 
lebcn  and  Alexander  von  Humboldt;  Le.in  took  observations 
in  the  Cornwall  mines,  Fantonetti  in  Italian  mines,  and 
Alexander  von  Humboldt  in  South  American  and  Mexican 
mines.  All  these  observations  were  based  upon  the  tempera- 
ture oi  [he  air  in  the  mines.  But,  as  it  was  pointed  out  by 
Cordier  and  Reich,  this  temperature  is  influenced  by  air 
currents,  by  the  mining  work,  and  by  the  breath  of  the  miners 
and  of  animals.  Cordier  and  Reich  then  placed  the  thermo- 
meter in  the  rock  itself,  and  taking  necessary  precautions  for 
correction  of  experiments,  arrived  at  results  of  a  more  reliable 
character.  Cordier  reports  from  French  mines  an  average 
increase  of  temperature  of  1'  C.  for  15  mfetres  (area  77  feet), 
while  Reich  reports  grades  of  41.84  metres  (eirca  lag  feet). 

Since  1828,  temperature  observations  have  been  continuously 
taken  in  the  mines  of  Saxony  and  Prussia,  and  these  yield  an 
average  of  1°  C.  for  167  feet,  but  as  the  variations  range  from 
48  to  355  feet,  it  is  impossible  lo  draw  any  definite  law.  In 
England,  the  British  Association  for  the  Advancement  of 
Science  about  twenty  years  ago  appointed  a  special  commis- 
sion for  investigations  of  the  ground  temperutures,  and  the 
relative  capacities  of  heat  conduction  shown  by  different 
rocks.  A  great  number  of  observations  have  also  been  con- 
tributed by  other  lands,  but  as  yet  no  definite  results  have 
been  obtained.  The  ground-borings  made  in  various  countries 
have  afforded  a  means  of  taking  observations  on  the  increase 
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of  temperature ;  generally  speaking,  they  show  an  increase  of 
I*  C.  in  grades  of  about  30  to  34  metres  (104  to  118  feet). 
Tlie  results  yielded  by  borings  have  been  confirmed  by  observa- 
tions in  the  great  Alpine  tunnels. 

The  Italian  geologist,  Giordano,  published  in  1870  exact 
observations  made  in  the  Mont  Cenis  tunnel,  and  the  German 
civil  engineer,  Stapff,  published  those  in  the  St.  Gothard  tunnel 
(1877-80).  In  the  middle  of  the  Mont  Cenis  tunnel  the  rock 
has  a  temperature  of  29.5**  C 

In  spite  of  the  numerous  local  variations  in  the  exact  rate 
of  increase  of  temperature,  there  can  be  no  doubt  that  the 
temperature  of  the  ground  increases  so  far  as  depths  below 
the  surface  have  yet  been  reached ;  the  probability  is  that  at 
still  greater  depths  still  greater  increase  of  temperature  takes 
place.  Hot  springs  in  many  cases  rise  from  great  depths,  and 
cannot  be  shown  to  have  connection  with  volcanoes  or  with 
any  particular  geological  formation. 

Calculations  have  been  made  with  respect  to  the  probable 
rate  of  progression  in  the  increase  of  temperature  at  depths 
still  imattained,  but  the  results  cannot  be  regarded  as  trust- 
worthy. Thus,  although  all  geologists  agree  that  the  rise  of 
temperature  in  the  earth's  crust  is  due  to  the  internal  heat  of 
our  planet,  we  have  not  yet  sufficient  data  to  determine  either 
the  prevailing  inner  temperature  or  the  thickness  of  the  earth's 
crust. 

At  the  same  time,  the  hot  springs  and  geysers  indicate 
temperatures  that  reach  the  boiling-point  in  the  earth's  crust, 
and  the  wide  distribution  of  volcanoes  demonstrates  still  higher 
degrees  of  temperature  in  the  crust  The  scientific  authorities 
in  the  first  half  of  the  nineteenth  century  regarded  it  as  an 
accepted  fact  that  the  earth's  nucleus  was  molten,  and  was 
surrounded  by  a  comparatively  thin  crust.  Humboldt  and 
Elie  de  Beaumont  valued  the  thickness  of  the  earth's  crust  at 
40  to  50  kilometers,  and  this  result  almost  agrees  with  the 
more  recent  work  of  the  Rev.  O.  Fisher,  who  valued  the  thick- 
ness at  25  English  miles.  But  the  calculations  made  by 
various  authorities  differ  very  considerably,  some  calculations 
giving  a  result  of  only  14  English  miles  for  the  thickness  of  the 
earth's  crust,  others  a  result  as  great  as  75  English  miles. 

The  great  chemist.  Sir  Humphrey  Davy,  did  not  believe 
in  the  original  molten  condition  of  the  earth's  nucleus.  He 
believed  that  the  earth's  nucleus  was  originally  composed  of 
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Ibe  earthy  and  alkaline  met^s,  and  ilut  its  prevailing  high 
temperature  was  due  to  cbcinical  processes.  Davy's  cxpUna- 
tion  afterwards  found  Tavour  with  IJe  la  Rive  and  Charles  LyelL 
Volger  explained  the  heat  of  the  carlh  patlially  as  a  product  of 
the  pressure  which  the  higher  roountain-sy stents  exert  upon 
the  regions  underlying  ihem,  partially  as  a  result  of  the 
chemical  changes  constantly  going  on  in  the  earth's  crust ; 
and  the  Ultraneptunist  chemist,  Mohr,  in  his  GeichichU  dir 
Erde  (iS66),  explained  the  internal  heat  of  the  earth  at  a 
transmutation  of  the  sun's  energy  by  chemico- physical  pro- 
cesses. 

Lichtenberg  and  Franklin  thought  that  the  firm  earth's  crust 
surrounded  a  half-gaseous,  tiaif-viscous  mass  of  very  great 
density.  This  opinion  was  accepted  by  Herbert  Spencer,  and 
has  since  been  placed  upon  the  basis  of  the  Mechanical 
Heat  Theory  by  Ritter  (1879)  and  the  geographer  Zuppritc 
(i88i).  According  to  this  theory,  there  is  under  the  firm 
crust   a  zone   of  viicous   malarial.   lln!n  a  zone  of   more  fluid 

of  an  outer  gaseous  part,  in  which  the  gases  are  in  their  normal 
condition,  and  an  inner  gaseous  part,  in  which  they  ate  above 
the  critical  point.  Owing  to  the  excessive  pressure,  the  gaseous 
material  of  the  earth's  nucleus  is  said  to  become  no  less  dense 
than  liquid  or  solid  bodies. 

The  English  physicist,  Hopkins,  has  b;en  one  of  the  most 
famous  champions  of  the  theory  of  the  earth's  rigidity.  Seeing 
that  the  earth  behaves  as  a  firm  mass  in  response  to  the 
attraction  of  other  bodies  in  the  universe,  and  that  the 
plienomena  of  precession  and  nutation  arc  not  consistent 
with  an  even  partially  fluid  or  plastic  condition  of  the  earth, 
Hopkins  concluded  that  the  earth  has  been  rendered  for  the 
most  part  solid,  in  constquence  of  the  cooling  and  of  the  great 
pressure  within  the  earth.  Like  Hopkins,  Poisson  and  Ampere 
(1868)  were  also  of  opinion  that  the  earth's  nucleus  could  not 
be  fluid,  as  otherwise  the  attraction  of  the  moon  would  cause 
gigantic  tidal  waves  to  take  place  in  the  firm  crust. 

The  physicists,  Lord  Kelvin  {Sir  W.  Thomson)  and  George 
Darwin,  also  attribute  great  importance  to  the  enormous 
pressure  existing  in  the  interior  of  the  earth,  and  the  con- 
solidation of  the  nucleus  from  this  cause.  Darwin  agrees 
with  Hopkins  in  respect  of  the  behaviour  of,  the  earth  relative 
to  the  sun  and  the  moon,  and  tries  to  prove  by  calculation  that 
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if  the  earth's  nucleus  were  molten,  phenomena  similar  to  ebb 
and  flow  would  be  induced  which  could  only  be  resisted  by  a 
crust  of  enormous  thickness,  area  2000-2800  English  miles 
thick.  Besides,  if  the  earth's  body  were  plastic,  the  oceanic 
tides  would  not  only  be  induced  by  the  attraction  of  the  sun 
and  moon,  but  would  also  be  influenced  by  deformations  of 
the  earth-spheroid.  There  are,  however,  no  indications  of 
this  disturbing  influence.  Darwin  therefore  believes  that  the 
earth  behaves  as  a  rigid  body  and  possesses  probably  a 
viscous-elastic  constitution. 

Lord  Kelvin  has  essentially  the  same  opinion,  and  ascribes 
to  the  body  of  the  earth  a  degree  of  rigidity  intermediate 
between  that  of  steel  and  of  glass.  Starting  from  the  nebular 
theory,  Lord  Kelvin  (1862,  1879)  supposes  that  the  cooled 
and  thereby  heavier  masses  sank  inward  and  formed  an  initial 
central  nucleus,  which  always  extended  towards  the  periphery 
as  the  earth's  mass  continued  to  cool,  until  finally  almost  the 
whole  earth  became  rigid.  Ries  and  Winkelmann  contested 
(1881)  this  hypothesis  on  the  ground  that  not  only  a  number 
of  metals,  but  also  silicate  combinations  undergo  a  decrease 
of  density  at  the  moment  when  they  become  solid,  so  that 
they  could  not  sink  in  a  molten  mass. 

The  American,  Barnard,  wrote  in  1877  a  paper  on  the 
internal  structure  of  the  earth,  considered  as  affecting  the 
phenomena  of  precession  and  nutation.  He  agreed  with 
Hopkins  and  Darwin  that  the  behaviour  of  the  earth  under 
the  attraction  of  other  bodies  in  the  universe  shows  a  very 
high  coefficient  of  rigidity  for  the  earth's  mass.  Reyer  in 
Vienna  in  the  same  year  brought  forward  arguments  in  favour 
of  the  theory  of  rigidity,  but  supposed  that  the  rigid  magma 
of  the  nucleus  was  saturated  and  impregnated  with  solvents 
and  gases  in  so  great  a  degree,  that  whenever  the  pressure  of 
the  crust  was  relieved  or  modified  by  fractures  the  nuclear 
material  could  readily  become  viscous  or  fluid,  and  capable  of 
eruptive  action. 

In  opposition  to  the  adherents  of  the  earth's  rigidity,  many 
geologists  retain  the  older  view,  at  least  in  part,  in  so  far  as 
they  believe  there  is  a  zone  of  molten  magma  under  the  firm 
crust,  and  do  not  accept  the  extreme  conception  of  the  rigidity 
of  the  nucleus. 

Sterry  Hunt  advocated  the  view  that  the  originally  molten 
globe  began  to  solidify  in  its  central  part.     At  the  surface, 
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great  pressure  was  exerted  by  atmospheric  vapours  of  w.itcr, 
and  the  niollen  material  became  saturated  with  these. 
Chemical  processes  took  place,  and  gradually  a  firm  cnist 
formed-  'I  he  lower  layers  of  this  crust  came  by  degrees  into 
the  sphere  of  influence  of  the  earth's  own  heat,  and  were  there 
converted  into  a  zone  of  "  watery  magma."  This  iniertiiediate 
zone  between  the  crust  and  the  firm  nucleus  is,  according  to 
Sterry  Hunt,  the  particular  region  in  which  plutonic  and 
volcanic  eruptions  take  origin.  ("The  Chemistry  of  the 
PrimKval  Earth,"  Geol.  Mag.,  1868-69.) 

Dana  expressed  the  opinion  that  about  two-thirds  of  the 
earth's  mass  are  composed  of  iron,  and  form  a  rigid  nucleus 
above  which  a  viscous,  hot  magma  forms  an  intermediate  zone, 
while  beyond  that  zone  the  earth's  crust  has  a  thickness  of 
about  seven  or  eight  miles.  Amongst  other  investigators, 
O.  Fisher  strongly  advocated  a  molten  viscous  condition  of 
the  earth's  nucleus  upon  which  the  firm  ctusi  rests.  Within 
recent  years  it  has  become  customary  to  apply  a  certain 
definite  terminology  to  the  various  zones  of  the  earth's 
spheroid,  in  accordance  with  the  supposed  physical  condition 
of  each  particular  zonal  region.  Thus  Sir  John  Murray,  in  his 
Presidential  Address  (Gcogr.  Sect.  BriL  Assoc.,  1899X  said: 
"  When  we  regard  our  globe  with  the  mind's  eye,  it  appears  at 
the  present  time  to  be  formed  of  concentric  spheres,  very  like, 
and  still  very  unlike,  the  successive  coats  of  an  onion.  Within 
is  situated  the  vast  nucleus  or  centrospkere ;  surrounding  this 
is  what  may  be  called  the  tektosphere  (lektos,  molten),  a  shell 
of  materials  in  a  state  bordering  on  fusion,  upon  which  rests 
and  creeps  the  litkosphere.  Then  follow  hydrosphere  and 
alriiosphere,  with  the  included  biosphere  {bios,  life).  To  the 
interaction  of  these  six  geospheres,  through  energy  derived 
from  internal  and  external  sources,  may  be  referred  all  the 
existing  super6cial  phenomena  of  the  planet." 

Recent  seismological  observations  indicate  the  transmission 
of  two  types  of  waves  through  the  earth — the  condensational- 
rare  factional,  and  the  purely  distortional — and  the  study  of 
these  tremors  supports  the  view  that  the  centrosphere  is 
not  only  solid,  but  possesses  great  uniformity  of  structure. 
The  seismological  investigations  of  Professors  Milne  and 
Knott  point  also  to  a  fairly  abrupt  boundary  or  transition 
surface,  where  the  solid  nucleus  passes  into  the  somewhat 
plastic  magma  on  which  the  firm  upper  crust  rests. 
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Morphology  of  the  EartKs  Surface, — In  a  general  way 
Strabo,  Seneca,  and  Ptolemy  had  discussed  the  geographical 
distribution  and  individual  forms  of  the  elements  that  make  up 
the  surface  configuration  of  our  globe.  But  the  works  of 
Cluverius,  Nathanael  Carpenter,  Kircher,  and  Varenius  in  the 
seventeenth  century,  contain  the  earliest  attempts  at  systematic 
treatment  of  surface  forms  according  to  their  mode  of  origin. 
From  the  seventeenth  century  to  the  present  day  the  study  of 
the  earth's  configuration  may  be  said  to  have  gone  hand  in 
hand  with  that  of  geology,  for  the  theories  which  at  any  time 
prevailed  amongst  geologists  were  not  without  influence  u[X)n 
contemporary  views  regarding  the  surface  forms. 

Hutton  and  Playfair  drew  attention  to  the  marked  effects  of 
water  and  heat  upon  the  earth's  surface ;  and  Werner  and  his 
followers  showed  the  connection  between  the  geological 
structure  of  the  ground  and  the  particular  distribution  of 
surface  forms — continents,  islands,  mountain-chains,  solitary 
mountains,  plateaux,  valleys,  etc.  The  first  accurate  and 
convincing  proofs  of  the  relation  between  geological  structures 
and  the  shapes  of  mountains  were  given  by  Pallas  and  by  De 
Saussure,  who  was  the  first  to  carry  out  the  complete  ascent  of 
Mont  Blanc. 

As  our  geographical  knowledge  widened,  the  necessity  made 
itself  felt  of  grouping  the  scattered  and  fragmentary  facts 
together  and  deriving  from  them  some  general  principles  of 
surface  morphology.  An  effort  in  this  direction  was  made 
towards  the  end  of  the  eighteenth  century  by  Reinhold 
Forster,  whose  B enter kungen  auf  einer  Reise  tan  die  lVeU{ijS^) 
contained  a  formal  treatment  of  such  features  as  the  shape  of 
the  continents,  the  structure  and  position  of  islands,  coastal 
forms,  and  coral  reefs. 

But  the  ever-increasing  love  of  travel  found  its  first  in- 
spired scientific  exponent  in  the  great  Humboldt,  whose 
wonderful  descriptions  of  his  personal  impressions  of  natural 
landscapes  and  form  were  as  artistic  as  his  classification  and 
distinction  of  structural  types  in  tropical  America  and  in 
Central  Asia  were  masterly.  Humboldt's  writings  bore  essen- 
tially the  stamp  of  an  eye-witness,  and  were  concrete  in 
character.  The  works  of  Carl  Ritter,  his  Erdktmde  and  books 
of  travel,  were  abtruse  and  teleological,  the  works  of  a  student 
and  thinker.  Richthofen  writes  of  him  :  "  Never  have  all  the 
known  facts  regarding  a  group  of  geographical  areas,  never 
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have  ali  [he  researches  and  observations  of  others,  iKcn 
combined  with  greater  completeness  or  with  clearer  philo- 
sophical conceptions  than  by  Rilter  in  his  monumental  work 
on  Asia.  He  has  endeavoured  lo  repbce  the  mcagtc 
descriptions  of  his  predecessors  by  a  chorological  representa- 
tion; he  has  gathered  information  from  the  most  varied 
sources  and  kneaded  it  into  an  organic  and  intellectual  whole, 
united  by  the  principle  of  causality."  (TAe  Tasks  and  Mellwdi 
of  Modern  Geography,  Leipzig,  1883.) 

During  the  latter  half  of  this  century  the  abundance  uf  new 
facts  brought  home  by  travellers  of  all  nations  has  eiitended 
our  knowledge  with  remarkable  rapidity.  But  the  treatment 
of  the  subject  remained  for  a  long  time  of  the  more  formal 
and  descriptive  character.  Most  travellers  contented  them- 
selves with  descriptions  more  or  less  accurate  and  with 
measurements,  and  were  indifferent  to  the  genetic  aspects  of 
geog^pb/. 

If  we  except  the  older  works,  that  of  Humboldt  may  be 
said  to  have  laid  the  scientific  foundation  of  a  morphological 
treatment  of  surface  forms.  His  calculations  of  the  average 
height  of  the  great  continents  form  the  starting-point  of  a 
scries  of  investigations,  amongst  which  may  be  menlianed 
those  of  A.  de  Lapparenl  (1883),  Von  Tillo  (1889),  John 
Murray  (i836),  and  of  a  number  of  eminent  younger 
geographers.  By  the  side  of  orography,  oceanography  has 
made  even  more  remarkable  progress  during  the  century,  and 
has  developed  itself  into  an  independent  branch  of  the 
morphology  of  the  earth's  surface.  Otto  gave  in  1808  a  fairly 
complete  account  of  the  limited  facts  then  known  about  ocean 
forms.  Great  advances  had  been  made  when  ihe  American 
sailor  Maury  published  his  excellent  work  fifty  years  later. 
Maury  gave  a  general  idea  of  the  extent  of  the  ocean  surfaces, 
the  forms  of  coast-lines,  the  ocean  tides  and  currents,  the 
physical  and  chemical  conditions  of  the  water  and  the  various 
organisms  that  inhabit  the  oceans,  and  was  also  enabled,  with 
the  help  of  three  lines  measured  for  the  laying  of  the 
Transatlantic  cables,  to  sketch  the  first  section  and  the  first 
map  of  the  floor  of  the  North  Atlantic  ocean.  From  these 
data  Peschel  in  1868  calculated  the  mean  depth  of  the  North 
Atlantic  Ocean. 

A  new  era  began  in  oceanography  with  the  exploring 
eA-pcdilions  of  the  English    C/ia/kii^er,  the  German   Ganllt, 
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and  the  American  Tuscaroroy  all  of  which  were  carried  out 
almost  simultaneously  in  the  years  1872-77.  These  were 
followed  by  a  series  of  similar  undertakings.^ 

The  seas  were  investigated  in  all  latitudes  and  in  all  zones 
by  means  of  plumb-line  soundings  and  deep-sea  thermometer 
readings;  and  the  ocean  sediments  were  brought  from 
different  horizons  of  depth  by  dredging-nets.  In  the  year 
1843,  Humboldt  had  known  no  greater  depth  than  2000 
metres.  From  the  large  number  of  observations  taken  by  the 
Challenger  and  Tuscarora  expeditions,  Samuel  Haughton  was 
able  in  1876  to  calculate  the  mean  depth  of  the  Pacific, 
Atlantic,  and  Indian  Oceans  at  3000  to  3,650  metres. 
Kriimmel  in  1878  made  a  most  careful  and  accurate 
calculation  from  all  known  data,  and  gave  the  mean  depth  for 
all  oceans  at  31438  metres. 

The  old  hypotheses  of  Athanasius  Kircher,  Kant,  Ritter, 
and  others,  about  submerged  mountain-systems  and  submarine 
prolongations  of  continents  had  to  give  place  to  the  newly 
obtained  data.  It  was  found  that  the  greatest  ocean  depths 
were  not  in  the  middle  of  the  oceans,  but  as  a  rule  along  the 
edge  of  mountainous  coast-lines.  The  floor  of  the  ocean  has 
its  different  horizons  of  level :  smooth  ridges,  extensive 
plateaux  with  gentle  slopes,  narrow  canal-like  depressions, 
connected  series  of  deep  hollows  extending  to  depths  of  6000 
metres,  and  even  8,500  metres  below  sea-level,  and  undulating 
crust-forms  occur  in  all  the  great  oceans ;  but  under  the  water 
there  are  no  toothed  mountain  summits,  no  steep  aretes,  no 
valleys  and  ravines  such  as  we  are  familiar  with  amongst  the 
surface  forms  of  the  land  produced  by  subaerial  erosion. 

The  material  brought  up  by  dredging-nets  shows  the  nature 
of  the  sediments  that  are  in  course  of  deposition  on  the  ocean- 
floor.  *' On  the  continental  shelf,  within  the  loo-fathom  line, 
sands  and  gravels  predominate,  while  on  the  continental  slopes 
beyond  the  loo-fathom  line,  blue  muds,  green  muds,  and  red 
muds,  together  with  volcanic  muds  and  coral  muds,  prevail, 
the  two  latter  kinds  of  deposits  being,  however,  more  character- 
istic of  the  shallow  water  around  oceanic  islands.  The  com- 
position of  all  these  terrigenous  deposits  depends  on  the 
structure  of  the  adjoining  land. 

^  A  complete  account  of  the  expeditions  which  have  contributed  to  our 
scientific  knowledge  of  oceanography  has  been  given  up  lo  the  year  1883  in 
Buguslawsky's  Hatidbuch  der  Oceanographies  vol.  i.,  pp.  390-4CX). 


i 


184   lU^TOKV   OF   GEOLOGY  AKD  PAL.EONTOLOGV. 

'  Tbe  ■■■'—'■'-  compoMog  P^'^S*'^  deposits  are  not  directly 
dennd  fenoi  the  dtautfegniiaa  of  the  continents  and  othci 
l3od-sai&cc&  They  sie  larg^lf  made  op  of  the  shells  and 
skeletons  of  tr^""r  ocpnims  secreted  in  the  stirface-watecs  of 
tbe  ocean,  oonastii^  cttber  of  cubonate  of  lime;  such  as 
pelagic  MoDtisc^  V^"^  Foraminifeni,  and  peU^c  Algx,  or  of 
nlica,  tBcfa  as  DoMns  and  Radtolarians.  The  inorganic  con- 
stituents of  the  pelagic  deposits  are  for  tbe  most  part  derived 
from  tbe  attritioo  of  BoatiDg  pumice,  from  the  disintegration 
of  waUr-logged  puuuoe,  from  shovers  of  volcanic  ashes,  and 
ErocD  the  JUrit  ejected  ttom  nibonrine  voicanoes,  together 
with  tbe  products  of  iheif  decoiBpantioa'  (Sir  John  Murray, 
BriL  Assoc^  1899.) 

Throi^[boat  the  earlier  parts  of  the  nineteenth  century  much 
bbotir  was  expended  on  the  description  of  diifercnt  parts  of 
Ibe  continents,  bat  tbe  treatment  was  too  formal  to  advance 
the  conceptions  of  the  conr.cclic-ti  beinreen  the  physiography 
and  J     '   .      "  ■  ■    ■  ■  -J  _■  I  :.. .   ■•  i.  >'■■  :!■■  .;  t^it, 

fornix  and  to  follow  their  distribution,  but  also  to  explain  their 
origin  and  development;  and  the  two  sister  studies  more  fully 
recognised  their  community  of  aim.  The  physical  exposition 
of  the  Swiss  Jura  mountains  by  Thurmann,  in  1831,  gave  a 
strong  impulse  to  the  new  direction  of  thought  in  Europe,  but 
it  was  in  the  wide  plateaux  of  America  that  the  first  signal 
successes  of  phj^iogiaphical  geology  were  won.  The  brilliant 
works  of  Dana  and  Leslie  were  followed  by  those  of  Powell, 
Dutton,  Gilbert,  and  other  pioneer  geolc^ists  in  the  Far  West; 
by  their  vivid  portrayal  of  the  work  ef  subaerial  denudation 
the  American  writings  roused  the  intellectual  life  of  the  middle 
of  the  century  to  new  conceptions  on  a  grand  scale. 

The  gigantic  erosion  forms  in  the  Bad  1  jnds,  the  configura- 
tion of  the  Rocky  Mountains  and  of  the  plateaux  lands  in 
Arizona,  Colorado,  and  Mexico,  the  wonders  of  the  Yellow- 
stone Park  and  California,  Called  forth  a  new  and  rich  literature, 
which  demonstrated  in  the  most  convincing  way  that  the  stv- 
face-forms  of  those  regions  are  mainly  the  result  of  the  erosive 
activity  of  water. 

Davis,  MacGce,  Chamberlin,  and  others  have  worked  along 
ihc  same  lines  in  the  east  of  North  America  and  the  middle 
States,  where  ice  rather  than  water  takes  the  first  rank  as  the 
agant  which  sculptured  the  prominent  surface-forms. 
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Independently  of  the  Americans,  the  writings  of  Sir  Andrew 
Ramsay,  and  of  Sir  Archibald  Geikie  and  Professor  James 
Geikie  in  Scotland,  gave  convincing  evidence  of  the  work  of 
ice  and  water  upon  the  rocks.  Riitimeyer  contributed  in 
Switzerland  a  brilliant  paper  on  the  formation  of  valleys,  while 
Desor  elucidated  the  leading  features  of  desert  and  moraine 
kmdscapes,  and  his  teaching  found  able  followers  in  Heim, 
Baltzer,  Fellenberg,  Du  Pasquier,  and  Penck.  De  Lapparent 
and  De  Margerie  in  France,  Torell  and  Helland  in  Scandinavia, 
Muschketow  and  Lewakowsky  in  Russia,  are  the  leaders  in  this 
direction  of  study. 

In  1869,  Oscar  Peschel  had  collected  the  principles  of  physio- 
graphical  geology  into  a  systematic  form,  and  thus  given  the 
first  incentive  towards  converting  the  study  of  this  subject  into 
an  independent  scientific  discipline.  Instead  of  the  earlier 
formal  grouping  of  the  surface-forms,  the  treatment  of  the 
subject  now  betokened  an  effort  to  group  together  all  types  of 
form  which  have  a  similar  genetic  history.  What  Peschel  tried 
to  initiate  in  this  direction  was  fully  realised  by  Baron  von 
Richthofen  in  his  book,  Fuhrer  fiir  Forschungsrtisende  (Berlin, 
1886).  This  work,  designed  primarily  as  a  guide  in  the 
methods  of  observation,  is  based  for  the  most  part  upon  the 
personal  observations  of  the  author  during  many  years  of  travel 
in  the  Alps,  Carpathians,  North  America,  and  China,  and  has 
become  in  Germany  the  standard  work  for  the  systematic  treat- 
ment of  surface-forms. 

In  1894,  Penck  accomplished  the  difficult  task  of  arrang- 
ing our  present  knowledge  of  surface-configuration  upon  the 
basis  of  leading  genetic  principles.  In  his  Morphologic  der 
Erdoberfldchey  Penck  has  presented  the  chief  results  of  the 
special  literature  of  physiography  in  clear,  concise  form.  A 
comparison  of  Richthofen's  Fuhrer  and  Penck's  Morphologic 
with  the  older  works  on  orography  and  hydrography,  shows 
very  plainly  the  great  improvement  that  has  been  effected  by 
the  new  methods  of  study  in  the  domain  of  geography. 


CHAPTER  III. 

DVNAUIC.\L   GEOUWV. 

In  the  days  of  ihe  Greek  philosophers  altciUton  had  bcai 
frequently  directed  to  the  changes  in  the  surface  conformalion 
of  the  earth,  and  the  natural  forces  which  produce  theiii. 
Herodotus,  Aristotle:,  Strabo,  Seneca,  Pliny,  and  others  con- 
tributed valuable  information  regarding  wind  and  weather, 
springs,  water-courses,  innndalions,  and  earthquakes.  A  sys- 
tematic treatment  of  thL'=c  -,-''■■":?•.  ■■■■ih  --r'.-r-ic^  ;^  ^'ir; 
changes  produced  in  the  ■. .  ■ 

by  the  Belgian  mathematician,  Simon  Steviii  (i  548-1 6?o). 
But  it  was  not  until  two  centuries  later,  after  the  physical 
investigation  of  the  earth's  surface  had  been  conducted  along 
scientific  lines,  and  had  shown  the  influence  of  these  agents 
upon  the  existing  conformation  of  the  earth's  surface,  that 
geologists  began  to  correlate  the  past  changes  in  the  earth's 
surface  with  similar  natural  causes.  Then  dynamical  geology 
gradually  developed  as  a  branch  of  study  intermediate  between 
geography  and  geology,  which  was  fostered  from  both  sides, 
and  proved  useful  to  geography  in  so  far  as  it  elucidated  the 
present  constitution  of  the  earth's  surface,  to  geology  in  so  far 
as  it  served  to  explain  the  successive  phases  in  the  earlier 
ages. 

Hutton  and  Playfair  had  expressed  the  view  that  all  earlier 
geological  events  were  explicable  upon  the  basis  of  the  forces 
and  phenomena  still  in  action.  The  Scottish  geologists  had 
pointed  out  the  importance-  of  realising  the  high  antiquity  of 
our  earth,  and  the  gigantic  work  that  might  be  accomplished 
by  physical  agencies  small  in  themselves  but  acting  throughout 
long  periods  of  time.  The  fame  and  authority  of  the  great 
Frenchmen,  Buffon  and  Cuvier,  lent  support,  on  the  other 
hand,  to  the  conception  of  repeated  earth  catastrophes. 
Approaching  the  subject,  as  they  did,  from  the  standpoint  of 
186 
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the  natural  historian,  rather  than  from  the  more  critical  stand- 
point of  the  physicist,  chemist,  or  geologist,  the  French 
scientists  and  their  adherents  were  impressed  by  a  sense  of 
the  utter  disproportion  between  the  infinitesimal  changes  now 
taking  place  under  the  eye  of  man  and  the  magnitude  of  the 
topographical  and  biological  changes  evinced  in  the  remote 
past.  Changes  of  such  magnitude  must,  they  argued,  have 
been  the  result  of  stupendous  revolutions  in  the  organic  and 
inorganic  world,  revolutions  whose  causes  and  effects  were 
different  both  in  kind  and  in  degree  from  any  known  pheno- 
mena of  the  present  age. 

The  " Catastrophal  Theory"  met  almost  simultaneously  in 
Germany,  France,  and  England  with  strong  opposition.  In 
the  year  18 18  the  Royal  Society  of  Sciences  in  Gottingen, 
acting  on  a  suggestion  of  Blumenbach's,  offered  a  prize  for  the 
best  "  investigation  of  the  changes  that  have  taken  place  in  the 
earth's  surface  conformation  since  historic  times,  and  the  applica- 
tion which  can  be  made  of  such  knoivledge  in  investigating  earth 
revolutions  beyond  the  domain  of  history J^ 

This  subject  was  handled  by  Carl  Ernst  Adolf  von  Hoff  with 
brilliant  success.  The  first  volume  of  his  great  work  treats 
of  the  relation  between  land  and  sea  in  historic  time,  the 
extension  of  the  ocean  surface  owing  to  the  erosion  of  the 
coastal  territories  and  invasions  of  the  continents.  The 
volume  betokens  complete  mastery  of  all  the  literature  on 
the  subject,  from  the  authors  of  antiquity  to  the  nineteenth 
century.  Von  Hoff  proves  the  baselessness  of  the  tradition  of 
a  buried  city,  Vineta,  on  the  Pomeranian  coast,  and  regards 
with  scepticism  the  alleged  discovery  of  an  old  map  in  Heligo- 
land with  geographical  details  of  this  island  in  the  ninth, 
fourteenth,  and  seventeenth  centuries.  This  map  was  found 
afterwards  to  have  been  fabricated.  The  origin  of  the  Bosphorus 
and  the  Strait  of  Gibraltar  as  invasions  of  the  Black  Sea  and 
the  Atlantic  Ocean  respectively  is  held  to  be  probably  correct 
by  Von  Hoff,  but  he  disputes  the  occurrence  of  these  events 
within  historic  time.  With  scholarly  skill,  Von  Hoff  proves 
that  the  Platonic  "  Atlantis "  and  the  submerged  island  of 
"Friesland"  can  only  be  regarded  as  fables.  An  excellent 
description  is  given  of  the  changes  occasioned  along  the  sea- 
board by  the  deposition  of  sediments,  and  is  illustrated  by 
reference  to  the  Nile  delta,  the  recent  formations  on  the  north 
coast  of  Africa,  Syria  and  Asia  Minor,  the  Black  Sea,  in  the 
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Greek  Archipelago,  in  the  Adriatic  and  Tyirhenian  Seas,  on 
the  north  coast  of  the  Meditcrraneiin  Sea,  and  on  the  shores  of 
the  Atlantic  Ocean,  the  North  and  Baltic  Seas. 

The  second  volume  tieais  of  volcanoes,  earthquakes,  and 
geysers.  The  author  brings  forward  no  new  hypothesis  about 
the  causes  of  thes»  phenomena,  but  follows  largely  the! 
views  of  Von  Humboldt  and  Von  Buch.  The  chief  merit 
of  Von  Hoff  is  his  careful  epitome  of  all  reliable  informa- 
tion regarding  the  changes  and  disturbances  which  have 
been  produced  by  volcanoes  and  earthquakes  irithin  hiMoric 

Ten  years  elapsed  between  the  appearance  of  the  second  and 
the  third  volume  of  Von  HolTs  work.  During  the  interval 
the  first  volume  of  Charles  Lyell's  PrincipUi  of  Gtology  was 
published,  and  its  influence  upon  Von  Hoff  is  quite  apparent 
in  the  third  volume  of  his  work.  In  this  third  volume.  Von 
Hoff  discusses  the  causes  of  the  degradation  of  land  The' 
changes  in  surface  confomiation  and  the  prni^jnl  f!.-"-tr;i'-i''>n 
of  a  continent  are  referred   to  atmoBphiric  ,_  in.' 

chemical  and  mechanical  action  of  water,  snow,  and  ice,  to 
living  organisms,  and  to  the  erosive  action  and  usurpations 
of  the  sea  over  coastal  territories.  He  discredits  Suckland's 
hypothesis  of  a  universal  flood  in  a  learned  and  convincing 
chapter. 

The  meritorious  work  of  Von  Hoff  did  not  meet  with  the 
full  recognition  which  it  deserved.  This  arose  largely  from 
the  fact  that  Von  Hoff  drew  his  data  almost  wholly  from 
literature,  his  modest  circumstances  not  permitting  him  to 
visit  the  localities  of  which  he  wrote;  his  conclusions  were 
therefore  based  upon  historical  evidence. 

In  France,  Constant  Provost,  quite  independently  of  Von 
HofTs  work,  attacked  the  catastrophal  theory  of  Cuvier.  In 
1825,  Provost  announced  his  view  that  the  physical  conditiotw 
and  phenomena  of  the  present  age  were  in  every  respect  similar 
to  those  which  had  characterised  the  past  geological  epochs. 
In  1818,  he  repeated  this  opinion,  and  protested  against 
the  frequent  inundations  by  the  sea  assumed  by  Cuvier  and 
Brongniart  to  have  taken  place  in  the  Paris  basin.  Provost's 
attack  upon  Cuvier's  theory  had  little  effect,  as  it  was  not 
supported  by  any  new  data,  and  he  weakened  his  arguments 
by  allowing  that  certain  geological  forces  might  have  developed 
stronger  energies  in  past  epochs  than  in  the  present. 
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The  strongest  combatant  who  entered  the  lists  against  the 
catastrophai  theory  was  Charles  Lyell,^  a  Scotsman  by  birth. 
Like  his  two  older  contemporaries,  Alexander  von  Humboldt 
and  Leopold  von  Buch,  Lyell  had  the  good  fortune  to  enjoy 
an  independent  patrimony  and  to  be  able  to  devote  himself 
wholly  to  science.  While  he  was  a  student  in  Oxford,  he 
attended  Buckland's  lectures  and  showed  a  great  interest  in 
entomology.  During  one  of  his  vacations  he  accompanied  his 
parents  on  a  three  months'  tour  through  France,  Switzerland, 
and  Upper  Italy.  It  was  then  that  Lyell  felt  his  enthusiasm 
aroused  for  geological  studies.  Although  he  completed  his 
law  course  in  the  following  years,  he  spent  his  leisure  hours 
on  geology.  In  1823  he  was  in  Paris,  where  he  made 
the  acquaintance  of  Cuvier,  Humboldt,  and  Provost,  and 
afterwards  made  excursions  with  Constant  Provost  in  the 
West  of  England  and  in  Cornwall.  In  the  same  year  he 
visited  Scotland  in  the  company  of  Buckland. 
_  The  manuscript  of  his  Principles  of  Geology  was  almost 
complete  in  1827,  but  before  printing  it  Lyell  felt  the  necessity 
of  being  able  to  bear  personal  testimony  upon  many  points. 
Now  followed  a  period  in  which  he  travelled  to  one  place 
and  to  another,  collecting  a  large  number  of  new  data,  and 
enjoying  the  intercourse  of  the  greatest  geologists  of  his  day. 
In  the  companionship  of  Murchison  and  his  wife,  Lyell  in  1828 
visited  Auvergne,  the  Velay  and  Vivarais,  the  Riviera,  the 
neighbourhood  of  Turin,  Verona,  and  Padua.  He  then  con- 
tinued his  journey  alone  to  Parma,  Bologna,  Florence,  Siena, 
Rome,  Naples  and  Sicily,  and  returned  home  by  Paris.  His 
chief  interest  during  these  journeys  was  concentrated  upon 
volcanoes  and  the  young  Tertiary  formations. 

The  first  volume  of  the  Principles  appeared  in  1830,  the 
second  in  1832,  and  the  third  in  1833.  Meanwhile  Lyell 
continued  to   enrich  his  knowledge  by  frequent  journeys  to 

*  Charles  Lyell  (afterwards  Sir  Charles  Lyell,  Baronet)  was  born  at 
Kinnordy,  in  Forfarshire,  Scotland,  on  the  14th  November  1797,  and  was 
the  son  of  a  rich  proprietor  and  the  eldest  of  ten  brothers  and  sisters.  Pie 
passed  his  early  childhood  near  Southampton,  where  his  father  had  rented 
a  country-house,  attended  school  at  Ringwood  and  Salisbury,  studied  in 
Oxford,  then  settled  in  London,  and  spent  the  rest  of  his  life  either  in 
London  or  in  travelling.  He  died  in  1875,  and  was  buried  in  West- 
minster Abbey.  (T.  G.  Bonney,  Charles  Lyell  and  Modern  Geoloi^,  Lon- 
don, 1895,  and  Lifey  Letters,  and  Journals  0/  Sir  Charles  Lyell,  Bart., 
edited  by  his  sister-in-law,  Mrs.  Lyell,  2  vols.,  London,  1 88 1.) 
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different  parts  of  the  Continent  In  1831  he  gave  a  couree  of 
lectures  on  geology  in  King's  College  in  London.  But  I.yel! 
would  not  undertake  the  duties  of  a  Professor  for  any  length 
of  time.  He  resigned  his  post  in  order  to  dcvotu  himself 
exclusively  to  science.  His  wife  Mary,  a  daughter  of  the 
geologist  Leonard  Horner,  proved  a  devoted  companion  in 
all  his  journeys  throughout  their  long,  happy,  childless  mar- 
riage, and  was  a  zealous  helper  to  him  in  his  work,  sparing 
him  many  of  the  laborious  researches  that  might  have  been 
arduous  for  his  weak  eyes. 

The  publication  of  the  PrineipUs  placed  Lyell  in  the  first 
rank  of  geologists,  and  won  for  him  universal  recognition  as  a 
fine  observer,  an  acute  thinker,  and  a  master  of  language.  The 
success  of  his  work  was  unexampled.  In  spite  of  its  compre- 
hensive character,  six  editions  of  it  appeared  between  1830  and 
184a,  a  seventh  in  the  year  1847,  the  eighth  in  1850,  the  ninth 
in  1853,  the  tenth  in  1866,  the  eleventh  in  1871,  a«d  the 
twelfth  shortly  after  his  death  in  1875.  Throughout  the  long 
space  of  thirty  five  years  between  the  first  and  last  editions, 
Lyell  was  indefatigable  in  his  efforts  to  improve  the  work,  to 
widen  his  range  of  knowledge  by  his  annual  tours,  and  to  test 
his  opinions  by  intercourse  with  his  geological  colleagues. 
Lyell  was  as  much  at  home  in  the  geology  of  Germany, 
Belgium,  France,  Switzerland,  and  Italy  as  in  that  of  Great 
Britain. 

In  the  summer  of  1834  he  visited  Denmark  and  Sweden,  in 
1837  Norway,  and  in  1841  he  undertook  his  first  journey  to 
North  America.  He  stayed  there  one  year,  on  this  occasion 
visiting  chiefly  Canada  and  the  eastern  part  of  the  United 
States.  He  published  an  account  of  the  journey  in  1845,  in  a 
special  work  entitled  Travels  in  North  America.  Soon  after 
the  publication  of  this  volume,  Lyell  again  crossed  to  America 
and  investigated  the  southern  stales.  The  account  of  this 
journey  appeared  In  another  independent  volume  in  1849,  and 
the  work  contained,  in  addition  to  geological  observations, 
much  interesting  matter  regarding  the  people  and  their  social, 
political,  and  religious  relations. 

In  1854,  accompanied  by  the  German  geologist  Hartung, 
Lyell  spent  several  weeks  in  Madeira  and  the  Canary  Isles, 
where  he  studied  the  volcanoes.  In  his  later  years  he  re- 
visited North  America  twice,  and  went  to  Sicily  and  other 
parts   of  Europe   sometimes  for   the   investigation    of  some 
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geological  question^  sometimes  for  the  sake  of  physical  and 
mental  relaxation.  The  Principles  of  Geology  was  published 
originally  in  four  volumes.  The  first  volume  deals  largely  with 
the  climatic  variations  in  the  history  of  the  earth,  and  the 
influence  of  these  upon  local  physical  conditions  and  the 
nature  of  geological  deposits.  The  second  volume  treats 
chiefly  of  the  agencies  of  denudation  and  erosion,  and  com- 
prises special  chapters  on  volcanism.  The  third  volume 
contains  a  description  of  coral  reefs,  and  discusses  the  various 
means  by  which  organic  remains  may  be  preserved.  The 
fourth  volume  is  devoted  to  historical  geology,  and  as  Lyell  in 
writing  it  adopted  the  results  obtained  in  the  previous  volumes, 
he  produced  a  geological  text-book  upon  a  basis  which  was  at 
the  time  quite  new.  This  volume  was  afterwards  published 
independently  under  the  title  of  Elements  of  Geology^  and 
passed  through  six  editions  before  the  year  187 1. 

The  author's  aim  in  the  Principles  is  described  in  the 
alternative  title  of  the  work  as  "  an  inquiry  how  far  the  former 
changes  of  the  earth's  surface  are  referable  to  causes  now  in 
operation."  After  an  elucidation  of  some  leading  conceptions, 
and  a  short  but  excellently  written  history  of  geology  as  far  as 
Cuvier  and  Brongniart,  Lyell  discusses  the  causes  of  the  slow 
development  of  his  science,  and  the  many  false  directions  into 
which  it  had  so  often  been  misled. 

He  shows  how  theological  prejudices  and  the  stubborn 
adherence  to  the  Mosaic  reckoning  of  time  had  stood  in  the 
way  of  a  right  appreciation  of  the  earth's  history.  The  defec- 
tive knowledge  of  physical  phenomena  now  in  operation  on 
the  floor  of  the  ocean  and  in  the  interior  of  the  earth  had  also 
served  to  retard  the  progress  of  knowledge  respecting  the 
formation  of  the  primitive  earth-crust.  But  in  Lyell's  opinion 
the  greatest  stumbling-block  had  been  presented  by  the  quite 
unphilosophical  hypothesis  that  forces  different  from  any 
known  in  the  present  day  had  been  active  in  earlier  epochs, 
and  that  the  physical  forces  still  existing  had  in  the  past  been 
stronger  in  their  action,  and  had  produced  effects  which  could 
not  now  be  equalled.  Further,  the  supposition  that  the  sedi- 
mentary deposits  had  originally  extended  uniformly  over  the 
whole  earth,  as  well  as  the  catastrophal  theory  of  sudden 
changes  in  the  distribution  of  land  and  sea,  in  the  climatic 
relations,  and  in  the  organic  creation,  had,  according  to  Lyell, 
been  hurtful  to  a  healthy  development  of  geology. 
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The  climatic  variations  during  rormer  periods  of  the  ciith 
were  discussed  by  I.^cll  in  considerable  detail.  He  opposed 
the  opinion  thai  climatic  changes  had  been  due  to  the  gradLal 
cooling  of  the  earth  from  an  originally  molten  state,  but  admilied 
that  during  the  Tertiary  and  Diluvial  epochs  there  had  been  a 
wanner  climate  in  Europe  During  the  Secondary  epochs 
reef-corals  had  inhabited  the  temperate  zones,  and  in  the 
Carboniferous  epoch  tree-ferns  and  other  plants  indicative  of  a 
moist  and  warm  climate  had  flourished  as  far  north  as  75°  N. 
latitude.  Lyell  traced  climatic  variations  lo  the  varj-ing  dis- 
tribution of  land  and  water,  to  the  influence  of  ocean  currents, 
to  icebergs,  and  the  accumulation  of  glacier-jce  in  the  polar 
districts  and  in  the  high  mountain-chains.  He  pointed  out  the 
geological  phenomena  characteristic  of  the  Carboniferous  epoch 
— the  wide  distribution  of  submarine  volcanic  products  and 
pelagic  limestones,  the  basin-shaped  occurtence  of  the  sedi- 
mentary rocits,  the  absence  of  large  terrestrial  and  fresh-water 
vertebrates,  the  absence  of  puru-Iy  fresh-water  deposits,  and  the 
insular  character  of  the  flora.  From  all  these  characteristics, 
Lyell  concluded  that  the  northern  hemisphere  had  been 
covered  during  the  Carboniferous  epoch  by  an  island  studded 
ocean.  He  then  depicted  the  later  epochs,  showing  that 
during  the  Secondary  epochs  large  continents  arose  in  the 
temperate  regions  and  produced  a  change  of  climate;  during 
the  Tertiary  time  the  continents  in  the  northern  hemisphere 
became  more  extensive  in  the  direction  of  the  North  Pole,  while 
the  Alps,  Apennines,  and  Pyrenees  rose  as  massive  mountain- 
chains,  and  promoted  the  gradual  approach  of  the  present 
climatic  conditions. 

Lyell,  in  the  earlier  editions  of  the  Priitei'ples,  attributed 
little  importance  to  the  influence  of  astronomical  causes  upon 
terrestrial  variations  of  climate;  afterwards  he  thought  these 
more  worthy  of  consideration.  More  especially  the  changes  in 
the  eccentricity  of  the  earth's  orbit  and  in  the  precession  of  the 
equinoxes  were  treated  as  important  climatic  factors,  and 
turned  to  account  in  the  explanation  of  the  Ice  Age. 

Having  opposed  the  "  Catastrophal  Theory"  in  the  first 
volume  of  the  Priticipks,  Lyell  tried  10  establish  the  unifor- 
mity of  all  natural  agencies  in  past  epochs  and  in  the  present, 
and  both  in  the  organic  and  inorganic  world. 

The  subject-matter  of  the  second  volume  covers  the  same 
ground  as  Von  Hoffs  work,  but  while  the  German  geologist 
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limits  himself  to  a  compilation  from  data  recorded  in  litera- 
ture, Lyell  adds  his  own  observations  in  confirmation  of,  or 
opposition  to,  received  opinions.  The  geological  action  of 
water  is  first  discussed.  The  destructive  and  transporting 
agency  of  running  water  is  demonstrated  by  numerous  examples, 
amongst  others  particular  interest  attaches  to  the  admirable 
exposition  of  the  channeling  of  the  Simeto  bed  at  Etna,  and 
the  erosion  of  the  Niagara  ravine.  Lyell,  in  the  earlier  editions 
of  this  volume,  was  of  opinion  that  in  addition  to  stream 
erosion  the  formation  of  valleys  had  been  in  many  cases  assisted 
by  the  occurrence  of  earthquakes  or  landslips,  or  controlled  by 
local  inequalities  in  the  rate  of  withdrawal  of  the  ocean,  but  in 
the  later  editions  he  attributed  the  large  majority  of  valley 
cuttings  to  river  erosion  alone. 

Again,  in  the  earlier  editions  of  this  volume,  ice  and  glaciers 
received  little  attention,  but  in  later  editions  a  special  chapter 
was  devoted  to  them,  and  Lyell  endeavoured  to  explain  the 
occurrence  of  erratic  blocks  as  a  result  of  the  transportation  of 
rock-material  by  icebergs  and  floes. 

The  chapter  on  volcanoes  and  earthquakes  includes  not  only 
a  summary  of  their  distribution  and  manifestations,  but  also 
detailed  descriptions  of  the  district  of  Naples  and  Etna.  In 
describing  Monte  Somma,  and  the  volcanoes  of  the  Canary 
Isles  and  Santorin,  Lyell  opposes  the  theory  of  "  Elevation- 
craters,"  and  explains  the  circular  walls  of  inclined  strata  round 
a  central  crater  as  the  ruins  of  former  cones  of  ejected  material. 
In  connection  with  earthquakes,  attention  is  especially  directed 
to  the  accompanying  phenomena  of  crust-fissures  and  alterna- 
tions of  level.  The  variations  at  the  temple  of  Serapis, 
near  Pozzuoli,  are  instanced  in  illustration  of  the  frecjuency 
with  which  changes  of  level  may  take  place  in  opposite 
senses. 

The  slower  variations  of  level,  independent  of  volcanism, 
and  affecting  large  areas,  were  not  fully  treated  by  Lyell  in  the 
early  editions  of  the  Ptinciples ;  but  after  his  travels  in 
Scandinavia,  a  chapter  on  this  subject  was  introduced,  and  in 
it  Lyell  supported  the  view  that  the  northern  portion  of 
Scandinavia  was  slowly  rising. 

Lyell  attributed  volcanoes  and  earthquakes  to  the  high 
pressure  exerted  upon  the  crust  by  subterranean  vapours  and 
gases  which  become  heated  and  endeavour  to  expand. 
Chemical,  electrical,  and  magnetic  influences  cause,  according 
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to  LycU,  local  rise  of  temperature  in  the  earth's  crusi,  so  that 
larger  and  smaller  reservoirs  of  mcllcd  rock-material  may 
accumulate.  If  tlic  water  and  gases  impregnating  the  rocks 
are  converted  into  vapour,  volcanic  eruptions  and  earthquakes 
ensue.  The  slow  elevations  of  the  ground  are  also  referred  by 
Lyell,  in  the  later  edilious  of  the  I'riiuipki,  to  subterranean 
rise  of  temperature  and  to  the  consequent  expansion  of  the 
solid  rocks,  whereas  decrease  of  temperature  or  the  removal  of 
gaseous  material  gives  origin  to  subterranean  cavities,  inthrows, 
and  subsidences. 

Lyell  was  during  the  greater  part  of  his  life  an  opponent 
of  Lamarckism.  In  the  early  editions  of  the  PrindpUs,  he 
recognised  the  occurrence  of  constant  change  in  the  organic 
world,  but  refused  to  associate  the  modification  of  living  forms 
with  any  definite  history  of  evolution  during  the  successive 
geological  ages.  He  began  with  the  fundamental  question 
whether  changes  in  the  animal  and  plant  world  were  still  in 
progress,  or  if  organic  creation  had  already  arrived  at  its 
highest  development.  After  discussing  Lamarck's  views  on 
the  production  and  modification  of  organs,  Lyell  enumer- 
ated a  number  of  data  regarding  the  limits  of  variability 
of  wild  and  domestic  species  and  the  results  of  cross- 
breeding, and  expressed  his  conviction  that  each  species 
had  been  created  with  the  characteristics  still  presented  by 
it.  He  allowed  that  species  can  to  a  certain  extent  accom- 
modate themselves  to  their  environment,  but  asserted  that 
the  possible  changes  were  slight,  and  rapidly  accomplished, 
having  no  influence  upon  the  essential  characteristics  of 
the  species.  He  held  that  unlimited  variability  was  further 
prevented  by  the  natural  aversion  of  species  in  the  wild 
state  to  cross  breeding,  and  by  the  small  fertility  of  hybrids. 
Lyell  afterwards  revoked  these  opinions,  a  change  in  his 
views  having  been  effected  by  the  writings  of  A.  K.  Wallace 
and  Charles  Darwin. 

The  two  famous  papers  of  these  authors  on  the  variability  of 
species  appeared  simultaneously  in  the  year  1858  in  the 
publications  of  the  Linnaean  Society.  Darwin's  epoch-making 
work  on  the  Origin  0/  Spedes  by  Natural  Selection  was 
published  in  the  following  year,  and  another  work  of  that  year 
was  W.  Hooker's  F/ora  of  Australia. 

Lyell,  together  with  the  great  zoologist  Huxley  and  the 
philosopher  Herbert  Spencer,  at  once  enthusiastically  accepted 
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and  upheld  the  newlv-founded  doctrine  of  descent  And  the 
tenth  edition  of  the  Principles^  published  in  1866,  contains  an 
excellent  account  of  the  leading  principles  of  Darwin's  work 
and  its  bearing  upon  scientific  thought.  The. chapter  on  the 
geographical  distribution  of  plants  and  animals,  upon  which 
Lyell  had  spent  considerable  care  in  eariier  editions,  had  to  be 
completely  re-written  in  the  light  of  Darwin's  theory.  As  it 
now  stands,  this  chapter  presents  a  wealth  of  fine  observations 
and  geological  conclusions,  and  is  an  admirable  model  of  the 
scientific  treatment  of  a  subject.  The  extinction  of  species  is 
explained  through  changes  both  in  the  organic  and  inorganic 
world,  the  appearance  of  new  species  is  attributed  to  the 
modification  of  progenitors. 

In  the  eleventh  edition,  Lyell  summarised  in  a  special 
chapter  the  chief  features  of  his  work,  On  the  Age  of  the  Human 
Race^  which  had  been  published  in  1863.  In  Lyell's  opinion, 
all  human  races  and  siib-races  had  sprung  from  a  uniform 
prototype  which  had  originated  in  one  area  of  the  globe. 
All  the  early  human  remains  gave  evidence  that  the  state  of 
culture  of  the  first  ancestors  of  mankind  had  been  extremely 
low ;  and  he  saw  no  reason  for  assuming  that  man  had  taken 
origin  through  any  other  agency  than  the  working  of  those 
universal  laws  which  had  determined  the  origin  of  species  in 
the  plant  and  animal  kingdoms  generally. 

In  the  fourth  volume  of  the  Principles^  afterwards  adapted 
as  the  Elements  of  Geology,  Lyell  followed  the  precedent  of 
Deshayes  and  Bronn  in  his  sub-division  of  the  Tertiary 
deposits.  He  calculated  the  percentage  of  living  molluscan 
species  present  in  the  successive  groups  of  the  Tertiary  strata, 
and  upon  the  percentages  fixed  a  definite  basis  of  sub-division 
into  Eocene,  Miocene,  and  Pliocene  formations.  Lyell  drew 
his  account  of  pre-Tertiary  formations  for  the  most  part  from 
the  text-books  of  Conybeare  and  De  la  Beche.  He  applied 
the  term  of  primary  formations  to  the  plutOiiic  rocks  and  the 
crystalline  schists.  Lyell  opposed  the  idea  that  any  funda- 
mental distinction  existed  between  plutonic  and  volcanic  rocks, 
and  assumed  that  granitic  and  other  coarse-grained  crystal- 
line rocks  might  still  be  in  course  of  formation  at  great  depths 
below  the  surface,  and  under  the  enormous  pressure  of  super- 
incumbent rocks.  He  showed  that  granite  had  been  intruded 
at  various  geological  epochs,  and  was  by  no  means  invariably 
the  oldest  rock,  as  the  Wernerian  school  had  taught     Lyell 
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proposed  the  term  melamorphic  rock  for  the  crystalline  schists, 
which  he  regarded  as  normal  deposits  of  sand,  clay,  or  lime- 
stone, subsequently  altered  in  structure  by  contact  with  hot 
eruptive  material  and  by  subterranean  heat.  Thus  Lyell  in 
the  question  of  roclt-nietamorphism  at  first  preserved  precisely 
the  attitude  of  Hulton,  but  iu  later  yiars  he  ascribed  the 
proeessos  of  crystallisation  partially  to  mechanical  causes,  more 
especially  to  strong  pressure. 

Tlie  appearance  of  Lyell's  Primiplts  was  epoch-making. 
Since  Werner,  no  geologist  had  in  such  a  high  degree  influ- 
enced and  re-modelied  the  views  of  geological  science.  Al- 
though, Xinlike  Werner,  Lyell  did  not  impart  his  ideas  directly 
as  a  teacher,  he  was  personally  on  terms  of  intimate  acquaint- 
ance with  all  the  greatest  of  his  contemporaries,  and  no  man 
could  better  appreciate  the  value  of  the  latent  currents  in 
scientific  thought,  nor  more  skilfully  render  them  intelligible 
to  others 

Lyell  was  a  master  of  clear  exposition;  his  writings  appealed 
to  a  wide  public,  attracting  many  to  give  more  serious  attention 
to  the  study  of  geology,  and  establishing  it  as  one  of  the  most 
popular  branches  of  science. 

Throughout  his  life  he  was  untiring  in  his  denunciation  of 
any  remnants  of  the  unfounded  hypotheses  promulgated  in 
earlier  centuries,  and  he  waged  a  constant  combat  against  the 
unscientific  fabric  of  the  Catastrophal  Theory.  He  taught 
the  Uniformitarian  doctrine  of  Hutton  and  Play(air.  The 
earth,  in  Lyell's  opinion,  is  the  scene  of  never-ceasing  change; 
but  while  on  the  one  hand  he  refused  to  accept  the  idea  of 
universal  catastrophes,  on  the  other  he  saw  no  direct  evidence 
of  progress  and  development  in  the  history  of  the  earth. 
The  Uniformitarian  doctrine  recognises  neither  beginning  nor 
end  in  the  earth's  history,  and  opposes  just  as  strongly  as  the 
Calaslrophal  Theory  the  conception  of  a  progressive  evolu- 
tion. 

Lydi's  views  were  welcomed  with  enthusiasm  in  Great 
Britain,  and  have  there  had  a  lasting  influence  upon  the 
methods  and  tendencies  of  geological  research.  In  Germany 
also,  where  Von  Hoff  had  paved  the  way,  I.,yeirs  works 
attained  immediate  celebrity,  and  were  made  widely  known 
by  several  translations.  But  the  personal  influence  of  Von 
Humboldt  and  Leopold  von  Buch  was  still  too  powerful  to 
allow  a   rapid  acceptance  of   the   Uniformitarian    doctrine. 
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France  was  even  more  reserved  towards  this  aspect  of  Lyell's 
work.  The  ide^  of  Cuvier  were  deeply  rooted,  and  were  ably 
supported  by  £lie  de  Beaumont  and  Alcide  d'Orbigny.  It 
was  not  until  after  the  death  of  these  two  gifted  scientists  that 
the  Uniformitarians  could  become  successful  Many  of  Lyell's 
opinions,  more  especially  his  theories  regarding  crystalline 
schists,  were  warmly  contested,  and  his  explanation  of  vol- 
canic phenomena  and  mountain-making  was  afterwards  found 
insufficient.  At  the  same  time,  the  leading  principle  of  his 
geological  teaching — that  the  key  to  the  solution  of  the  events 
of  the  past  is  to  be  found  in  the  study  of  the  natural 
forces  still  acting — has  remained  as  the  secure  basis  of 
all  modern  geological  investigation.  The  recognition  of 
this  grand  principle  gave  a  new  significance  to  dynamical 
geology,  and  brought  it  at  once  into  prominence  among 
geologists. 

Sir  Henry  de  la  Beche  wrote  in  1835  an  excellent  in- 
troduction to  dynamical  geology,  entitled  H<nv  to  Observe; 
in  later  editions,  the  title  was  changed  to  The  Geological 
Observer.  De  la  Beche  followed  essentially  the  same 
method  as  Lyell,  and  his  book,  which  is  full  of  new  obser- 
vations and  facts,  may  almost  be  regarded  as  a  supplement 
to  Lyell's  Principles. 

A.  Geological  Action  of  the  Atmosphere. — The  destructive  and 
constructive  activity  of  the  atmosphere  plays  in  general  but  a 
small  part  in  the  conformation  of  the  earth's  surface,  and  was 
for  a  long  time  neglected  by  geologists.  Chemical  effects  can 
only  be  produced  by  the  atmosphere  in  its  combination  with 
water  or  living  organisms.  Mechanical  forms  of  destruction 
are  effected  by  the  atmosphere  in  all  regions  subject  to  marked 
extremes  of  seasonal  or  diurnal  temperature,  the  wasting  of 
the  rocks  being  considerably  aided  by  the  strain  of  alternating 
expansions  and  contractions.  The  geographer  Livingstone 
was  the  first  who  observed  that  in  the  African  deserts  sharp 
fragments  sprang  away  with  a  ringing  tone  from  the  basalt  rock 
whenever  a  hot  day  was  succeeded  by  a  night  with  very  low 
temperature.  Other  travellers  have  since  confirmed  this 
observation,  and  have  ascertained  that  the  so-called  "  Ham- 
mada  "  region  undoubtedly  owes  its  surface-mantle  of  angular 
fragments  of  stone  to  the  destructive  effects  of  rapid  variations 
of  temperature. 
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According  to  Tictze  (1886),  the  deMs  in  the  sterile  minlcss 
mounlainterri  lories  of  Persia  is  chiefly  produced  by  the  dis- 
integrating influence  of  in  solution-  Again,  in  the  region  above 
the  soow-Iine  in  mountain-chains,  the  accumulations  of  dibrit 
are  attributable  to  the  daily  alternation  or  frost  and  warmth; 
but  in  most  areas  the  strain  is  occasioned  not  so  much  by  tho 
rapid  change  of  temperature  as  by  the  presence  of  walet  in 
the  fine  rock -fissures,  and  the  pressure  exerted  during  alternate 
freezing  and  evaporation  of  the  water. 

The  geological  effects  of  the  wind  are  of  importance. 
Neglecting  here  ihe  disturbances  caused  by  hurricanes,  many 
striking  phenomena  have  been  traced  to  the  influence  o( 
wind-borne  sand  or  dust.  As  early  as  1847,  Naumann 
described  polished  and  furrowed  rocks  near  Hohburg,  in 
Saxony,  and  erroneously  ascribed  the  appearance  (o  the 
action  of  ice.  Heim  in  two  papers,  in  1870  and  1874, 
showed  that  the  markings  on  the  rocks  had  been  pro- 
duced by  wind-swept  grains  pf  dust  and  sand.  Similar 
wind  scratches  had  been  mentioned  by  Blake  in  1855,  and 
by  Gilbert  in  1874,  from  the  western  states  of  America. 
Zittel,  Rolland,  Walther,  and  others  have  repiorted  how  fre- 
quently one  may  observe  wind-worn  rocks  in  the  Sahara 
with  a  polislied  glassy  surface,  dotted  with  cavities,  or  deeply 
scored  and  fluted. 

Other  phenomena  of  a  more  imposing  nature  in  the  great 
desert  wastes  and  steppes  owe  their  origin  to  the  wind.  In 
the  Monument  Park  of  Colorado,  the  numerous  picturesque- 
looking  rocky  pillars  with  a  narrow  basis  have  been  explained 
by  Gilbert  as  remnants  left  by  wind-weathering.  The  clouds 
of  dust  borne  along  by  the  wind  attack  chiefly  the  lower  levels 
of  the  pillars,  and  reduce  these  so  that  the  topheavy  upper 
portions  are  gradually  undermined.  Stmilai  appearances  in 
the  Arabian  desert  have  been  described  by  Fraas,  who  called 
them  "  Fur-cap  Rocks,"  on  account  of  their  characteristic  form; 
Walther  called  them  "Mushroom"  rocks.  More  recently, 
"  three-cornered  "  rocks  in  the  dunes  and  steppes  of  Northern 
Furope,  in  the  Rhone  Valley,  in  the  neighbourhood  of  Vienna, 
and  other  European  localities,  have  been  attributed  to  the  work 
of  the  wind.  In  the  Sahara,  pillars  or  lable-like  eminences 
have  been  undercut  by  wind-borne  dust  and  sand,  and  remain 
as  "island  rocks" — the  so-called  "gurs  of  the  desert."  Long- 
continued  action  of  the  wind   may  hollow  out    basin-shaped 
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cavities,  channels,  and  tunnels  in  sand-dunes,  day,  and  loess 
deposits,  and  in  glacier  ice. 

The  formation  of  sand-dunes  is  due  to  the  driving  action  of 
prevailing  winds  blowing  over  flat  sea-boards  and  arid  inland 
districts.  Lyell,  De  la  Beche,  and  £lie  de  Beaumont  were 
among  the  earlier  investigators  of  sand-dunes,  and  later  authors 
have  added  much  to  our  information  on  the  changes  of  shape, 
the  mode  of  travel,  and  the  particular  kinds  of  sand  character- 
istic of  the  dunes  in  various  localities. 

The  clay  deposits  so  widely  distributed  in  the  Pampas  of 
South  America  were  considered  by  A.  Bravard  in  1837  to  be 
aeolian  or  wind-blown  deposits ;  but  Burmeister  regarded 
them  as  fluviatile  in  origin,  and  Santiago  Roth  as  partially 
marine  and  partially  fluviatile  in  origin,  afterwards  altered  by 
the  growth  of  vegetation. 

The  term  "loess"  has  been  applied  to  yellowish  clay  or 
loam  deposits,  which  were  first  described  in  the  Rhine  Valley, 
and  have  been  found  to  be  present  sometimes  in  remarkable 
thickness  over  wide  tracts  of  country.  Baron  von  Richthofen 
found  in  China  that  these  deposits  attained  thicknesses  of 
1500  to  2000  feet,  and  occurred  locally  as  high  as  7000  feet 
above  sea-level.  He  noted  the  want  of  stratification  and  the 
uniform  character  of  loess  deposits  over  great  distances,  its 
constituents  being  invariably  the  finest  particles  of  sand,  clay, 
and  limestone,  no  matter  what  the  nature  of  the  ground  might 
be  upon  which  the  loess  had  gathered.  He  further  observed 
its  porous  structure,  and  showed  that  the  rootlets  of  grass 
growing  on  its  surface  gave  origin  to  pipes  similar  to  those 
which  perforated  the  whole  mass.  Another  important  feature 
was  the  rich  occurrence  of  remains  of  land  molluscs,  and  of 
herbivorous  and  other  mammals,  whereas  fresh-water  shells 
were  absent.  Upon  the  evidence  of  those  observations.  Von 
Richthofen  concluded  that  the  loess  had  originated  as  wind- 
drift.  And  he  pointed  out  how  the  dry,  fine-grained  material, 
readily  transported  by  wind,  would  naturally  tend  to  accumu- 
late on  vast  steppes  covered  with  grassy  vegetation.  At  the 
same  time.  Von  Richthofen  recognised  a  ** lake-loess"  in 
certain  localities,  in  the  formation  of  which  water  had 
participated. 

This  explanation  ot  Von  Richthofen's  was  then  applied  to 
European  occurrences  of  loess  deposits,  but  the  question 
seems  to  be  one  which  has  to  be  determined  independently 
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ill  each  locality.  A  number  or  geologists  have  upheld  the 
opinion  of  I.ycll  aiid  Agassiz  that  loess  nas  of  iacu«tiinc  oi 
fluvio-glacial  origin.  Giimbel,  in  discussing  ihe  Bavarian 
loess  deposits,  drew  attenlion  more  especially  to  the  effecis  of 
intermittent  inundations  of  land  during  the  frequent  ascill»- 
tions  in  the  retreat  of  the  Alpine  glaciers.  I.aspcyres, 
Ualtzer,  De  Lapparent,  and  others  think  that  toirenlia!  rains 
and  other  subaerial  forms  of  water  have  assisted  in  the  for- 
mation of  loess. 

It.   Geological  Action    oj    Wafer — S/iriiigs. — Water   takes 

undoubtedly  the  fir^t  and  most  important  pUice  amongst  the 
epigene  geological  agents.  lis  chemical  and  mechanical 
activities  are  partly  destructive,  partly  reproductive.  They 
affect  the  whole  surface,  and  have  not  only  determined 
the  present  conformation  of  our  planet,  hut  have  also  given 
origin  to  a  very  considerable  part  of  the  rock-material  of 
(he  Earth's  crust. 

The  authors  who  have  contributed  most  to  our  knowledge 
regarding  water  circulating  in  the  ground  are  Bischof,  Para- 
melie,  I.£rsch,  and  Daubrtfe.  Gustav  Bischof  wrote  the  first 
scientific  account  of  springs,  illustrating  it  with  his  own 
numerous  observations  on  the  relations  of  the  underground 
water  in  the  Khine  Valley,  on  the  ascent  of  springs,  on 
Artesian  wells,  and  subterranean  water-courses.  Many  of  the 
examples  cited  by  Bischof  are  now  familiar  in  text-books  of 
geology  and  physical  geography.  L'Ari  de  dkcouvrir  Its  Sources, 
a  work  written  by  Al>b^  Paramelle,  and  translated  into 
derman  by  Cotta  in  1856,  contains  excdlent  hints  on 
the  methods  of  fmding  springs  and  underground  water. 
I'aramelle  was  the  most  successrul  water-diviner  thai  ever 
lived;  France  owes  to  him  the  disclosure  of  numerous 
springs.  In  1864  and  1S65  B.  M.  Lersch  published  at 
}!erlin  his  Ixioks  on  the  Chemistry  and  the  Physics  of  Natural 
Waters.  His  Ilydro-Chemistry  gives  especial  attention  to  the 
therapeutic  as[H;cls ;  while  in  the  Hydrophysics  there  is,  in 
addition  to  his  own  ohservaiions,  a  carefully  collected  and 
accurate  account  of  all  springs  previously  mentioned  in 
literature-  Although  the  arrangement  of  this  work  leaves 
much  to  be  desired,  the  fund  of  information  which  it  contains 
gives  it  permanent  value  as  a  book  of  reference. 

The  most  complete  works  on  natural  waters  are   those 
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published  in  1887  by  Daubr^,^  under  the  titles  of  Les  eaux 
souS'terraines  h  Fipogue  aciuelle^  and  Les  eaux  saus-Urraines 
aux  kpaques  anciennes.  They  treat  in  a  comprehensive  and 
scientific  manner  the  origin,  the  geological  occurrence,  the 
physical  and  chemical  properties  of  normal  springs,  under- 
ground waters,  mineral  and  thermal  springs.  In  an  earlier 
work,  Daubr^  had  described  the  results  of  his  experimental 
researches  on  the  permeability  of  different  kinds  of  rock. 
The  famous  author  was  not  content  with  a  record  of  his 
own  wide  knowledge  and  experience  of  springs,  but  exhausted 
all  geological  and  geographical  literature  on  the  subject,  and 
even  referred  to  special  technical  estimates  and  journals. 
In  the  first  volume,  Daubr^  devoted  a  chapter  to  Artesian 
wells,  which  he  classified  according  to  the  geological  age 
of  the  particular  water-bearing  strata.  He  distinguished 
common  or  normal  springs  and  thermal  springs  whose  water 
moves  according  to  hydrostatic  laws,  from  the  underground 
waters  forced  onward  by  carbonic  acid  and  other  gases,  or  by 
vapour.  The  second  volume  contains  an  account  of  the 
chemical  composition  and  the  temperature  of  springs  and 
underground  water,  and  this  is  followed  by  a  discussion  of  the 
Earth's  heat  and  the  possible  significance  of  the  circulation 
and  ingress  of  water  in  deep  horizons  of  the  crust  as  a  means 
of  inducing  volcanism.     The  last  volume  treats  of  the  geological 

'  Gnhriel  August  Daubr^e,  born  at  Metz,  studied  at  the  Polytechnic 
School  in  Paris;  began  his  career  as  a  mining  engineer  in  1834,  and  was 
sent  to  England,  Sweden,  and  Norway  on  a  commission  from  the  Govern- 
ment. As  mining  engineer  and  Professor  of  Mineralogy  and  (>eoIogy  in 
Strasburg,  he  devoted  his  time  to  the  geological  relations  of  Alsace,  and 
published  in  1 849  a  geological  map  of  Lower  Alsace,  following  it  in  1852 
by  an  excellent  geological  description  of  this  neighbourhood.  During  the 
years  1857-61  Daubr&  was  engaged  in  leading  and  collecting  the  springs 
of  Plonibieres,  and  had  opportunities  of  making  important  oljservaiions 
on  the  chemical  action  of  thermal  water.  These  were  the  basis  of  his 
subsequent  experimental  attempts  to  determine  the  geological  action  of 
sufierheated  aqueous  vapours.  In  1861  he  became  Professor  of  Geolqjy 
at  the  Museum  in  Paris,  and  displayed  untiring  energy  in  this  capacity,  at 
the  same  time  carrying  out  a  brilliant  series  of  experimental  researches  for 
which  his  name  will  ever  remain  famous  in  the  annals  of  geology.  From 
the  year  1862  Daubrce  also  taught  mineralogy  at  the  School  of  Mines, 
and  in  1872  he  was  made  Director  of  that  institute.  During  the  last  twenty 
years  of  his  life,  he  was  a  nieml)er  of  the  Commission  for  the  publica- 
tion of  the  special  geological  map.  Daubree  died  in  Paris  on  the  29th 
May  1896.  He  was  throughout  his  lone  and  active  career  greatly  revered 
and  loved  for  his  amiable  disposition  and  noble,  conscientious  character. 
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work  accomplished  now  and  in  former  epochs  by  the  physical 
and  chemical  agencies  of  subterranean  water. 

Chemical  Action  of  Water.— The  importance  of  water  as  a 
chemical  agent  was  early  recognised,  and  its  corrosive  effects 
on  rocks  were  frequently  discussed  in  the  older  literature 
K.  G.  Bischof  created  a  new  scientific  basis  for  this  field  of 
geolc^y.  With  admirable  mastery  of  the  subject,  Bischof  Bel 
forth  in  his  Text-book  of  Chemical  and  I'kysical  Geohgy 
(1846-^7)  all  the  chemical  processes  which  lake  place  when 
meteoric  water  and  different  kinds  of  aqueous  solutions  come 
in  contact  with  rock^.  He  also  enumerated  and  described  the 
minerals  and  rocks  according  to  their  chemical  composition, 
structure,  texture,  and  characteristic  modes  of  decomposition. 
The  new  branch  of  geology  thus  outlined  by  Bischof  attracted 
great  interest,  and  soon  a  large  number  of  special  mcmoin 
made  llieir  appearance.  One  of  the  best  known  works  on 
mineral  decomposition  was  published  in  t886  by  Stctry 
Hunt.;  it  trccils  for  the  most  part  ihc  a])pc.iranct:s  of  decay  in 
crystalline  rocks. 

Evidences  of  meteoric  weathering  of  the  rocks  are  shown  in 
the  changes  of  colour  produced  by  oxidation,  and  in  the 
removal  of  the  more  soluble  mineral  constituents  of  rocks. 
The  superficial  inequalities  and  degradation  produced  by  sub- 
aerial  agents  are  enhanced  by  the  percolation  of  water  through 
the  body  of  the  rock.  Continued  disintegration  of  the  rocks 
gives  origin  to  soils  and  coarser  debris,  and  the  effect  of  dis- 
integration may  often  extend  to  a  considerable  depth  below 
the  surface,  gradually  rotting  and  loosening  a  whole  mass  of 
rock.  The  weathering  caused  by  chemical  changes  alone 
cannot,  however,  be  regarded  as  a  leading  factor  in  producing 
land-forms.  Only  the  minor  features  of  surface  conformation 
are  due  lo  the  decay  of  rock  in  stlii.  The  chemical  and 
mechanical  forces  of  water  must  combine  to  produce  the 
major  effects  in  surface  conformation.  The  rapid  removal  of 
decaying  mineral  matter  by  streams  and  rivers  exposes  fresh 
rock   surfaces   to   the   disintegrating   chemical  action  of  the 

■  Kail  Gusliv  Itiichof.  horn  179!  in  NUrnticre,  sluHied  in  ErlanEcn,  and 
Wis  afterwards  a  university  tutor  Ihcrc,  In  1819  he  was  made  rilra- 
Ordinaiy  rroFcssor  of  Chemistry  in  llonn ;  in  iSll  he  rccfiveJ  the  full 
piofcsiorship,  and  conlribuled  in  a  high  degree  lo  Ihe  fame  of  ibal 
univcisily  ;  died  30lh  November  i8;o  al  Uonn. 
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losphere.  The  fresh  surfaces  in  turn  decompose,  and  the 
:le  of  chemical  transformation  and  denudation  goes  on  until 
md  area  acquires  the  particular  aspect  of  erosion  which  the 
:  has  learned  to  associate  with  certain  characters  of  rock, 
1  conditions  of  altitude^  of  meteorology,  and  of  drainage, 
e  final  phases  of  the  work  of  denudation  would  be  to  reduce 
and  surface  to  sea-level  unless  other  circumstances  con- 
red  to  prevent  complete  degradation  of  the  land. 
Highly  characteristic  forms  of  weathering  may  be  produced 
cases  where  certain  portions  of  a  sheet  of  rock  are  more 
Lible  than  others,  and  become  a  more  easy  prey  to  the  pro- 
ses of  disintegration.  Heim  has  described  the  scenic  effects 
i  to  the  weathering  of  the  different  kinds  of  rock-material 
losed  in  many  of  the  mountain  plateaux  of  the  Alps, 
^ular,  boldly-hewn  outlines  and  sharp  aiguilles  are  char- 
eristic  forms  in  the  crystalline  masses  composed  of  coarse- 
ined  granitoid  rocks  at  the  higher  altitudes  of  the  Alps;  the 
:ly-serrated  ridges  with  steep  slopes  and  grassy  hollows  arc 
iracteristic  of  the  softer  shales  and  clays,  while  the  lime- 
nc  and  dolomite  mountains  present  alternating  terraces  and 
eminent  escarpments  capped  by  picturesque  summit  forms; 
some  cases,  wide  summit-plateaux  have  been  rendered  almost 
passable  by  the  innumerable  petty  pinnacles  and  ravines 
3  which  the  rock  has  been  weathered.  Such  summit- 
teaux  are  known  as  "  Karrenfelder." 
The  precise  origin  of  the  **  Karrenfelder"  has  long  been 
natter  of  discussion.  Among  the  earlier  Alpine  authors, 
leuchzer  and  De  Saussure  attributed  these  limestone  wastes 
the  erosive  action  of  occasional  floods.  Hirzel,  who  in 
»9  introduced  the  term  of  "  Karren,"  attributed  them  to 
nbined  mechanical  and  chemical  weathering  acting  upon 
pendicular  limestone  strata  at  a  certain  height  above  sea- 
el.  Among  recent  authors.  Von  Richthofen,  Heim,  Mojsi- 
ics,  and  many  others  explained  the  jagged  and  channeled 
iracter  of  these  high  plateaux  as  in  the  main  a  chemical 
:ct,  due  to  the  action  of  rain-water  containing  carbonic 
d  gas  in  solution,  upon  the  lime  carbonate  of  the  rock, 
/re,  on  the  other  hand,  associated  the  particular  effect  with 

mechanical  operations  of  glacial  water. 
VIojsisovics  has  described  characteristic  "  Karrenfelder  "  in 
-niola  like  those  in  other  limestone  groups  of  the  Alps,  and 

also  observed  funnel-shaped  depressions  on  the  surface  of 
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tho-  limeslone  rocks  of  that  locality,  which  he  attrihutes  to  ihc 
chemical  effects  of  rain-watei  acting  upon  the  surface. 

These  Camiola  cavities  must  not  be  confused  with  the 
"  dolinas "  or  ■'  swallow-hoks,"  which  are  of  common  occur- 
rence in  many  limestone  areas.  The  latter  are  explained  as 
insinliings  of  the  surface  which  have  taken  place  after  the  sub- 
jacent mass  of  hmestone  has  been  undermined  by  subterranean 
caverns.  Recent  geological  writings  have  shown  that  dolinas 
pre-eminently  occur  along  natural  joints  and  fault-planes,  into 
which  surface-water  readily  passes. 

While  dolinas,  Carniola  cavities,  and  "  Karrenfcldei"  arc 
forms  of  erosion  limited  to  limestone  mountains  or  ultlc  land); 
whose  rock  is  firm  and  compact,  the  so-called  geological 
"organs"  or  earth-pipes  (sand-pipes,  sink- holes)  occur  chiefly 
in  plains  whose  rock-material  consists  of  soft,  fissured  lime- 
stone, calcareous  conglomerate  or  gypsum.  They  are  cylin 
drical  or  funnel-shaped  cavities,  generally  upright  in  position, 
and  filled  partially  or  wholly  by  loam,  mud,  or  sand. 

Sand-pipes  were  first  described  b^  Broii^jniart  and  Ctiviti 
(i8ri)  from  the  neighbourhood  of  Paris,  and  were  called 
"Puits  Natureis."  In  1813,  Mathieu  described  similar  pipes, 
narrowing  towards  the  base,  at  Peiersbcrg,  near  Maestricht, 
and  he  called  them  "  Otgues  g^ologiques,"  the  name  which 
is  still  commonly  used.  Other  writers  of  that  time.  Gillet- 
I^umont  and  Bory,  explained  them  as  due  to  the  solvent  and 
mechanical  action  of  water,  infiltrating  from  the  surface,  but 
this  idea  was  contested  by  later  writers,  and  various  erroneous 
explanations  were  offered,  Lyell  and  Prestwich  examined  the 
earth-pipes  and  sack-shaped  depressions  in  the  chalk  of  the 
south  of  England;  and  they  proved  beyond  doubt  that  these 
hollows  had  been  eroded  by  the  chemical  action  of  surface 
water  rich  in  carbonic  acid,  which  had  primarily  found  its 
way  along  any  surface  crack,  or  the  fine  tubular  perforations 
formed  by  the  root-growths  of  the  surface  vegetation.  The 
infilling  of  sand  and  clay  was  derived  from  the  surface  layers 
and  soil. 

In  the  Bavarian  plain,  Penck's  recent  researches  on  the 
glacial  and  inlerglacial  deposits  have  brought  to  light  many 
fine  examples  of  sand-pipes  occurring  in  the  nagelHue  or 
rough  limestone  conglomerate  deposits  laid  down  by  glacial 
floods.  Fcnck  thought  the  sand-pipes  had  been  hollowed  out 
during  the   period  when   the  nagelfiue   presented    a   surface 
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ised  to  subaerial  weathering,  and  that  some  of  the  fine, 
t  clays  had  afterwards  sunk  into  the  erosive  and  pitted 
ice  of  the  nagelfiue  rock.  In  many  cases,  however,  the 
.  or  clay  in  the  pipes  undoubtedly  represents  the  insoluble 
lue  left  after  the  removal  in  solution  of  the  calcareous 
^nal  in  the  conglomerate. 

ibterranean  caverns  always  formed  a  subject  of  general 
est  in  literature,  and  have  given  rise  to  many  traditions 

superstitions.  l*he  ancients  held  them  to  be  entrances 
the  lower  world,  and  the  home  of  nymphs  and  fauns.     In 

centuries  literature  peopled  them  with  all  kinds  of  ima- 
ry  beings,  fairies,  dragons,  dwarfs,  and  evil  spirits,  and 
bed  their  origin  to  earthquakes,  inthrows  of  the  Earth's 
t,  subterranean  fires  and  floods. 

3wards  the  close  of  the  seventeenth  century,  Leibnitz  gave 
ccurate  description  of  the  Baumann  cave  in  the  Harz 
ict,  and  Valvasor  examined  the  caves  in  Carniola.  During 
bllowing  century,  although  the  number  of  accurate  descrip- 
i  increased,  little  advance  was  made  in  the  explanation  of 
•  mode  and  origin.  Kant's  Text-book  of  Physical  Geography 
i)  attributes  the  origin  of  caves  partly  to  the  erosion  of 
rock  by  water,  partly  to  outbreaks  of  fire. 

new  epoch  in  the  literature  of  caves  began  with  Esper's 
stigation  (1770-90)  of  fossil  remains  of  mammalian  bones 
Dvered  in  the  French  caves.  Interest  then  centred  in  the 
x>ntological  significance  of  the  remains  in  cave-deposits, 
ier's  Recherches  sur  ies  ossements  fossiies  contains  an  able 
mary  of  all  existing  knowledge  on  the  subject  of  cave- 
lins  during  the  first  two  decades  of  the  nineteenth  century. 

two  brothers  Wagner,  in  Germany,  and  Buckland  by 
standard  work  on  the  Diluvial  Remains  of  England^ 
hily  followed  Esper's  example  in  collecting  information 
examining  ossiferous  caverns.  The  work  of  Schmirling,  in 
;ium,  won  well-merited  fame  on  account  of  its  splendid 
trations ;  it  was  descriptive  of  the  caverns  in  the  province 
.i^ge  (1833-34).  Marcel  de  Serres  in  1838  published  his 
'csting  Essay  on  the  Causes  which  have  contributed  to  the 
emulation  of  Fossil  Bones  in  Caves. 

here  is  now  scarcely  any  difference  of  opinion  regarding 
Drigin  of  caves.  A  few  caves  occur  in  crystalline  or  clastic 
s ;  they  are  the  result  either  of  tectonic  disturbances,  or 

represent  spaces  that  have  formed  during  the  cooling  of 
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material  as  it  rubs  against  the  floor  and  sides  of  stream  and 
river-channels  (erosion),  and  in  the  accumulation  of  the  trans- 
ported material  as  sediments  (deposition).  The  strength  of 
the  processes  of  transportation  and  erosion  depends  on  the 
volume  and  velocity,  or  the  impulse,  of  the  running  water. 
The  transportation  power  of  streams  and  rivers  is  under 
ordinary  circumstances  confined  within  their  channels,  but 
although  of  limited  extent  it  is  a  phenomenon  apparent  to 
every  observer  because  of  the  energy  of  motion  displayed 
The  washing  away  of  rock-material  by  rain  is  much  less 
apparent,  but  it  is  extended  over  far  vaster  tracts  of  country. 

A  great  incentive  was  given  to  the  scientific  study  of  surface- 
forms  and  their  causes  by  the  brilliant  work  of  the  American 
investigators,  Hayden,  Powell,  Gilbert,  Button,  and  others. 
While  they  described  the  wonderful  river  erosion  that  had 
taken  place  in  the  table-lands  of  the  western  states,  European 
travellers  were  making  known  the  characteristic  forms  of 
erosion  in  the  high  and  barren  territories  of  inland  Africa  and 
Asia.  There  the  irregularities  of  the  surface  are  chiefly  due  to 
the  periodic  occurrence  of  torrential  rains  and  the  consequent 
sudden  increase  or  rapid  rise  of  mountain-streams,  which  rush 
as  destructive  floods  over  the  table-lands,  and  retreat  and 
diminish  no  less  rapidly  than  they  arose. 

Earth-pillars  or  pyramids  occur  in  majestic  forms  in  some 
places,  and  ofler  more  familiar  examples  of  the  surface-waste 
accomplished  chiefly  by  rain.  In  miniature,  the  formation  of 
an  earth-pillar  may  be  observed  in  any  thick  foliage  wood  after 
a  heavy  shower  of  rain.  The  drops  as  they  fall  from  the 
leaves  upon  the  soil  sometimes  alight  upon  small  pebbles, 
sometimes  upon  soft  humus.  The  latter  is  readily  washed 
away,  the  pebbles  remain  and  serve  as  protecting  caps  to  the 
soil  immediately  below,  so  that  each  pebble  and  the  under- 
lying soil  gradually  stands  out  as  an  individual  column.  Rain- 
eroded  pillars  occurring  on  a  grand  scale  in  the  Hautes  Alpes 
were  described  in  1841  by  Surell;  Sir  Charles  Lyell  described 
pillars  in  the  morainic  conglomerate  in  the  Tyrol,  where  the 
larger  boulders  had  served  as  capping-stones.  Hayden  made 
known  magnificent  examples  in  the  conglomerate  rock  of 
Colorado.  Sir  Archibald  Geikie  described  their  occurrence  at 
Fochabers,  in  the  north-east  of  Scotland,  in  Old  Red  con- 
glomerates. 

Although  many  writers  of  the  eighteenth  century  had  devoted 
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attention  to  the  erosion  cfTecled  by  running  water,  tlieir  re- 
searches lacked  a  scientilic  basis.  Guettard  had  already  laid 
hold  of  the  main  principles  of  ablation  and  erosion  when  fae,  in 
1774,  set  forth  the  "degradation"  of  mountains  and  the  whole 
earth  surface.  Targioui  also  explained  surface  con  for  ma  (ion 
upon  true  principles;  while  Eber  was  such  an  atdcnt  believer 
in  Guetiard's  views  that  he  drew  accurate  panoramas  of  the 
Swiss  Alps  in  order  that  posterity  might  be  enabled  to  recognise 
subsequent  changes  in  surface  conformation,  On  the  other 
hand,  De  Maillet  and  Buffon  attributed  the  excavation  of 
valleys  to  the  action  of  submarine  currents  during  the  retreat 
of  the  ocean  and  the  emctgence  of  islands  and  continents. 
These  views  were  afterwards  upheld  by  Cuvier,  De  Saussure, 
and  Werner,  and  recur  in  some  measure  in  the  early  editions 
of  Lyell's  Principles. 

Fatlas  thought  the  destruction  of  mountains  and  the  fonna- 
lion  of  valleys  was  associated  with  intermittent  local  floods, 
and  this  explanation  found  favour  with  Buckland,  Sedgwick 
(1825},  Daubeny  {1831),  Elie  de  Beaumont  (iSig).  and  many 
others.  This  tlieory  gave  support  to  the  "diluvialists,"  who 
taught  that  the  Mosaic  flood  was  the  flnal  and  grandest  event 
in  a  series  of  inundations,  and  that  which  had  mainly  shaped 
the  present  surface  conformation  of  the  globe.  It  is  interesting 
to  remember  that  Buckland  introduced  the  term  denudation 
to  express  the  scouring  and  hollowing  of  the  continents  which 
he  attributed  to  the  action  of  a  universal  flood. 

But  the  more  natural  principles  inculcated  by  Guettard  and 
Targioni  steadily  made  their  way  as  the  number  of  geological 
observations  increased.  Hutton  and  Playfair,  by  their  admir- 
able treatment  of  the  subject,  opened  up  this  field  of  research 
upon  scientific  lines.  In  France  and  England,  during  the 
early  decades  of  the  nineteenth  century,  Montlosier  and 
Poulett-Scrope  explained  the  origin  of  many  valleys  solely  as 
a  resuh  of  the  erosive  activity  of  streams,  and  this  was  the 
view  supported  by  Von  Hoffand  Kiihn  in  Germany.  In  1819 
Murchison  and  Lyell  together  wrote  an  essay  "On  the  Excava- 
tion of  Valleys,"  in  which  they  showed  their  appreciation  of 
the  potency  of  river  erosion.  This  explanation  then  came  to 
be  currently  accepted ;  at  the  same  time  it  is  freely  admitted 
that  many  valleys  owe  their  primary  origin  to  tectonic  causes. 

Lyell  was  the  first  to  investigate  the  work  done  by  erosion 
irilhin    a   definite   period  of  time.     Upon   the    basis  of  the 


'^ 
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advance  of  erosion  he  made  a  calculation  of  the  age  of  the 
Niagara  Falls;  his  result  was  afterwards  modified  by  Wood- 
ward and  Gilbert  In  the  second  half  of  this  century,  the 
rate  of  river  erosion  has  been  examined  in  minute  detail. 
Physicists,  gec^raphers,  and  engineers  have  combined  their 
efforts  to  obtain  an  accurate  determination  of  the  rate  of 
movement  in  the  different  parts  of  a  river-course,  and  the 
corresponding  capacity  of  the  stream  to  transport  solid 
material.  Geologists  especially  investigated  the  abrasive  work 
effected  by  the  transported  pebbles  and  sand  in  deepening 
and  widening  a  river-channel.  In  American  literature,  the 
writings  that  had  the  most  marked  influence  upon  con- 
temporary science  were  Dana's  publications  in  the  Re/^orts  of 
IVUke^  Exploring  Expedition  and  his  Manual  of  Geology 
(1863),  and  Newberry's  "Description  of  the  Grand  Canon  ' 
in  his  Report  upon  Colorado  (1861). 

Oldham  elucidated  in  1859  the  erosion  of  the  valleys  in 
the  Khasi  Hills  of  India,  Rubidge  investigated  the  work  of 
water  in  eroding  the  South  African  valleys,  and  in  1870, 
Blanford  gave  an  account  of  the  Abyssinian  valleys.  Green- 
wood, Jukes,  \Vhitaker,  and  Topley  dealt  exhaustively  with 
the  erosion  of  English  river-valleys.  In  1869,  Riitinieycr 
published  at  Bale  his  famous  work  on  Valley  and  Lake 
Formation,  which  has  exerted  a  permanent  influence  upon 
geological  thought.  Riitimeyer  endeavoured  to  prove  that  the 
majority  of  the  mountain-valleys  in  Switzerland,  including  the 
largest  river- valleys,  had  originated  only  in  virtue  of  stream 
erosion,  but  that  long  geological  periods  had  been  occupied 
in  the  excavation  of  the  channels.  The  commencement  of 
the  valley  erosion  had  been  coeval  with  the  uprise  of  the  Alps, 
but  erosion  had  not  always  progressed  with  the  same  intensity. 
Erosion  had  worked  from  the  foot  of  the  mountains  backward 
and  upw^ard  to  higher  levels,  consequently  the  different  por- 
tions of  a  river-course  might  present  distinct  types  of  erosion 
(waterfalls,  lakes,  rivers,  etc.).  A  sketch-map  illustrating'  the 
history  of  the  lakes  and  rivers  of  Switzerland  accompanied 
Kiitimeyer's  work,  and  was  of  special  value  as  the  first  bold 
attempt  to  classify  the  Swiss  valleys  according  to  their  geological 

age. 

The  American  geologist  Gilbert,  in  1877,  in  his  Geology  of 
the  Henry  Mountains^  established  the  fundamental  laws  of  river 
action  in  the  erosion  of  valleys.     The  researches  of  Towell  and 
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Dullon  in  Colorado,  and  or  Davis  in  Pennsylvania,  corrolHiratitl 
Gilbert's  rpsulti.  These  American  geologists  demonslMlediron- 
clusjvely  the  backward  progress  of  erosion  during  the  excavation 
oF  a  ralley,  and  the  definite  relation  that  exists  between  ttw 
gradient  of  a  river-bed  and  the  excavating  force  of  the  ri^-er. 
Hence  the  base-level  of  valley  erosion  could  be  ascertained  with 
great  accuracy. 

Following  Riitimeyer's  method,  W.  Morris  Davis  depicu-il 
the  different  slaves  in  llie  development  of  a  valley.  In  it* 
juvenile  stage  the  rushing  stream  furrows  narrow  diannels 
with  deep  banks;  in  its  mature  stages  the  angle  of  declivity 
is  less,  the  valleys  become  broad  and  the  banks  gently  sloped  ; 
in  the  older  stage  the  valley-bed  is  worn  away  to  the  basi-- 
level  of  denudation.  Should  any  crust- movement  locally- 
lower  the  base  level,  then  the  cycle  of  ralley-formaiion  begins 
anew.  Davis  then  tried  to  determine  the  geological  age  of 
various  eroded  plains  and  their  drainage  systems. 

The  publications  in  Europe  during  llie  last  two  decades 
of  the  nineteenth  century  are  in  the  main  based  u|)On 
the  principles  enunciated  by  Riitimeyer  and  the  American 
writers 

A  difficult  problem  is  presented  by  the  transverse  valleys 
that  cut  across  mountains,  plateaux,  and  sometimes  across 
several  parallel  chains.  The  theory  of  origin  by  tectonic  fauhs 
seemed  especially  applicable  in  their  case,  and  many  of  the 
best  authorities  at  the  present  day  support  this  explanation. 
Itut  Medlicott,  in  1865.  in  the  Memoirs  nf  llu  Indinn  GenhgUa! 
Survey,  pointed  out  that  not  only  was  the  central  chain  of  the 
Himalayas  clearly  older  than  the  lateral  Pliocene  chains,  since 
the  materials  of  the  central  chain  had  contributed  to  the  rocks 
of  the  lateral  chains,  but  the  Himalayan  river-courses  had  also 
been  defined  previous  to  the  uplift  of  the  Pliocene  chains,  and 
had  successfully  continued  to  erode  their  valleys  along  the  old 
lines  while  these  chains  were  being  slowly  uplifted. 

J.  W,  Powell  expresses  the  same  idea  in  more  precise  terms 
in  his  explanation  of  the  course  of  the  Green  River  across  the 
Uinta  Range,  and  of  the  Colorado  River  in  its  deep  cutting 
through  the  Arizona  plateaux.  In  both  cases  the  river  passes 
from  younger  strata  into  older;  and  Powell's  expbnation  of 
the  ap[K\rent  enigma  is  that  after  the  river  had  eroded  lis 
channel  rocks  were  uplifted  at  one  portion  of  its  course,  but 
so  slow  was  the  rate  of  uplift  that  the  river  was  enabled  to 
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deepen  its  channel  either  proportionately  or  more  rapidly,  so 
that  it  was  never  diverted  from  its  former  course. 

Independently  of  Medlicott  and  Powell,  Tietzc  arrived  at 
a  similar  explanation  of  the  origin  of  transverse  valleys  in  the 
Elburz  mountains  in  Persia,  and  of  the  Iron  Gates  of  the  Danube 
across  the  Transylvanian  mountains.  Tietze  refers  the  begin- 
ning of  such  transverse  valleys  to  a  period  when  the  chains 
across  which  they  pass  had  no  existence  as  such,  but  still 
formed  part  of  a  continental  plain.  The  Swiss  geologists, 
Heim  and  Bruckner,  support  tiiis  theory,  but  it  has  been  op- 
posed by  Lowl,  who  accepts  Riitimeyer's  explanation  that  the 
backward  erosion  of  valleys  may  finally  cut  through  watersheds 
and  even  entirely  through  mountain-chains. 

Within  the  last  few  decades  geographers  have  made  great 
advances  in  the  detailed  knowledge  regarding  the  erosion  of 
river-channels,  the  diversion  of  river-courses,  the  serpentine 
windings,  the  recession  of  watersheds,  and  the  causes  of 
special  forms  of  erosion  such  as  river-terraces  and  pot-holes. 
These  arc  fully  treated  in  Penck's  Morphologic  (vol.   i.,  pp. 

259-385)- 
The  first  exact  reports  on  the  quality  and  kinds  of  material 

transported  by  rivers  were  those  made  by  Mr.  Everest  (18^2), 

who  determined  that  the  average  annual  amount  of  detritus 

covered  by   the   River  Ganges  amounts   to   -gjj   by  weight. 

Under  the  auspices  of  the  United  States  Government,  a  very 

important   series  of  investigations  were   carried   out   on    the 

Mississippi  river.     The  accurate  results  obtained  there  by  the 

engineers  Humphreys  and  Abbot  showed  that  the  proportion 

of  material  held  in  suspension  by  the  river  was  tAj  by  weight, 

and  that  the  total  weight  of  earthy  matter  annually  transported 

to  the  Gulf  of  Mexico  by  the  Mississippi  river  amounted  to 

812,500,000,000    pounds.      (^Report    upon    the    Physics    and 

Hydraulics  of  the  Mississippi^  1 86 1 . ) 

Nearly  all  the  great  rivers  have  now  undergone  examination 

in  this  respect,  and  the  results  obtained  have  given  geologists 

a  much  clearer  conception  of  the  actual  rate  of  pi  ogress  of 

subaerial    waste.      In   an   able   essay,    entitled    On    Modern 

Denudation^  published   in   1868,  Sir  Archibald  (Jeikie  made 

careful    calculations    of    the    amount    of    material    annually 

transix)rted  by  rivers,  and  showed  how  an   irregular  surface 

can  be  entirely  levelled  to  a  plain  by  the  subaerial  agencies  of 

denudation. 
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A  large  number  of  interesting  observations  have  also  been 
made  \>y  geologists  on  the  wear  and  tear  that  takes  place  on 
broken  lock-material  in  the  course  of  its  transport  by  a  river. 
Professor  IJaubrie  demonstrated  eiLperimtntally  the  effects  of 
mutual  abrasion.  I)y  subjecting  fragments  of  granite  ami 
otiier  rocks  to  artificial  means  of  trituration  and  friction,  he 
produced  the  rounded  water-worn  forms  of  pebbles  and  the  fine 
sand  and  mud  characteristic  of  river  detritus.  He  also 
showed  that  the  chemical  action  of  the  water  appreciably 
contributed  to  the  dissolution  of  the  fragments.  The  de- 
position of  the  transported  material  over  alluvial  tracts  at  the 
entry  of  rivers  into  freshwater  lakes  and  the  ocean,  wa»  fully 
and  ably  treated  in  the  writings  of  I)e  la  Bechc,  Lycll,  and 
Elie  de  BeaumonL  And  since  the  publication  of  the  earlier 
works,  the  literature  has  been  enriched  by  ihe  special 
contributions  of  Delesse,  as  well  as  by  the  excellent  exposition 
of  the  subject  contained  in  the  text-books  of  Geikic,  l>c 
Ijjiparent,  Von  Ricbthoftii,  and  others. 

The  speculative  aspect  of  the  invasions  of  the  land  by  the 
sea  had  been  frequently  dealt  with  in  the  writings  of  the 
Greek  and  Roman  philosophers.  Careful  historical  records 
had  also  been  kept  of  the  more  striking  changes  in  the 
Mediterranean  coastlines.  Von  Hoff,  in  his  account  of  the 
inroads  made  by  the  sea,  embodied  all  the  previously  known 
data,  both  historical  and  scientific,  regarding  the  mechanical 
action  of  breakers,  tides,  and  currents  in  the  erosion  of  a 
coast-line.  New  observations  were  added  by  De  la  Beche  and 
Charles  I.yell ;  and  Oscar  Peschel  in  his  Physical  Geo^apky 
(1879)  discussed  the  particular  form  of  coastal  outlines  in 
their  relation  to  the  destructive  action  of  breakers. 

While  Peschel's  views  of  the  action  were  based  upon  a 
supposed  stationary  condition  of  the  coasts,  Uaron  Kichthofen 
brought  new  life  to  bear  on  the  subject  when  he  pointed  out 
that  the  denudation  of  a  coast  may  be  going  on  contem- 
poraneously with  a  movL-menl  of  elevation  or  subsidence  of 
the  land  Xchina,  vol.  ii.,  1881).  In  the  former  case,  the 
breakers  of  the  retreating  ocean  can  only  erode  a  denudation 
slojie  pamllel  with  the  original  outline  of  the  beach,  and  the 
depredations  of  atmospheric  weathering  tend  to  rapidly 
produce  an  irregular  appearance  of  the  surface.  As  the 
movement  ceases,  a  marine  terrace  is  formed,  or  if  several 
ixtuses  occur  at  periodical  intervals,  a  scries  of  terraces  is 
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formed.  In  the  case  of  a  $ubsidint^  coast,  the  effect  of 
wave-action  would  be  to  destroy  resisting  cliffs  and  obstacles 
as  the  sea  advanced  inland,  and  thus  to  give  origin  to  a 
submarine  plain.  Sir  Andrew  Ramsay  and  Mr.  Davison  had 
descriljed  in  general  terms  the  "abrasive"  work  of  the  breakers, 
and  shown  how  as  the  level  of  land  became  degraded  by 
subaerial  forces  of  denudation,  the  margin  next  the  sea 
arrived  at  its  base-level  of  erosion,  and  sank  as  a  denuded 
plain  below  the  advancing  sea.  Such  a  plain  was  called  by 
Ramsay  a  plain  of  submarine  denudation.  Von  Richthofen 
adopted  the  term  "abrasion,"  and  used  the  expression  a  "plain 
of  abrasion"  to  signify  more  particularly  a  submarine  platform 
whose  surface  had  been  abraded  during  subsidence  of  the 
land  by  the  destructive  action  of  marine  breakers  and  currents. 
Sir  Archibald  Geikie,  on  the  other  hand,  thinks  that  submarine 
platforms  have  owed  their  degradation  of  level  essentially  to 
subaerial  agents  of  erosion,  and  that  they  represent  land 
surfaces  which  had  arrived  at  the  base  level  of  erosion  before 
they  were  submerged,  the  action  of  the  waves  merely 
completing  the  process  of  levelling.  De  Lapparent,  Penck, 
and  many  other  geologists  similarly  explain  the  origin  of 
plains  of  denudation  by  subaerial  erosion. 

Recent  maps  of  Oceanography  show  at  a  glance  that  sub- 
marine platforms  sometimes  extend  for  many  square  miles  as 
a  marginal  belt  around  continents  or  islands,  and  geographers 
find  it  very  difficult  to  determine  the  precise  conditions  to 
which  these  "peneplains"  owe  their  existence  in  the  various 
regions.  Several  German  and  Austrian  geographers,  following 
Richthofen's  methods,  have  conducted  special  investigations 
on  this  subject  during  recent  years  (Fischer  in  1885  and 
1887,  Krummel  1889,  Philippson  1892,  Penck  1894). 

The  old  idea,  favoured  by  De  Maillct,  Biiffon,  Cuvier,  and 
others,  that  marine  currents  played  an  fniportant  part  in  the 
configuration  of  the  globe,  has  been  proved  fallacious.  Marine 
currents  lose  their  strength  as  they  come  into  the  shallow  areas 
near  the  coast;  they  increase  in  strength  where  they  pass 
through  narrow  channels,  especially  where,  as  in  the  Straits  of 
Gibraltar  and  the  Bosphorus,  they  sweep  between  two  seas. 
The  origin  of  the  deeper  furrows  and  basins  in  the  floor  of  the 
ocean  can  in  very  few  cases  be  explained  by  submarine  erosion. 
As  a  rule,  they  represent  either  continental  valleys  that  have 
been  submerged  or  troughs  formed  by  crust-movciweuts. 
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Under  Buckbnd's  lerni  of   "denudation,"  geology  at  ihc 

present  day  signifies  that  process  which,  if  continued  fat  enough, 
would  reduce  all  surface  irregularities  of  the  globe  to  a  uniform 
base-level,  but  the  general  term  makes  no  jiremissei  atx^ut  the 
paniculnr  agencies  affecting  the  removal  of  surface  mnterjil. 
The  chief  qualifying  terms  in  common  use  at  the  present  lime 
are  "  subaerial,"  "  marine,"  and  "  submarine."  Suiaerial denu- 
dalioH  practically  comprises  all  the  natural  operations  by  which 
land-areas  can  be  lowered ;  it  includes  the  action  of  wind,  of 
running  water,  and  of  ice.  Marine  dtnudalion,  so  far  as  it 
affects  land-areas,  is  limited  to  a  narrow  marginal  belt  Sub- 
marine denudation  is  used  to  signify  the  wearing  ot  scouring 
action  of  the  water,  or  any  chemical  processes  affecting  the 
floor  of  the  ocean. 

Hand  in  hand  with  the  advance  of  scientific  thought  regard- 
ing the  causes  and  effects  of  recent  denudation,  there  developed 
among  geologists  a  clearer  apprehension  of  the  evidences  of 
denudation  in  the  past.  In  the  be^innins  of  the  iiiriL'tei-nth 
century,  Berzelius  and  Hisinger  had  suggested  that  the  sedi- 
mentary scries  (Silurian)  present  in  West  Gothland  might  be 
only  remnants  of  a  much  wider  sheet  of  deposit  which  had 
been  for  the  most  part  waslied  away.  An  important  step  in 
advance  was  made  by  Sir  Andrew  Ramsay  in  his  work  On  the 
Denudation  of  South  Wales  {\%\(i).  Ramsay  showed  that  the 
Palaeozoic  sedimentary  strata  of  Cornwall  and  South  Wales 
were  composed  of  fragments  derived  from  older  rock -mate  rial, 
that  therefore  this  district  had  suffered  immense  loss  by  denuda- 
tion in  very  early  geological  epochs. 

Kmmrich  in  1873  had  drawn  attention  to  the  evidences  of 
transportation  of  Triassic  rocks  in  Southern  Thuringia,  and  in 
1880  Biicking  made  an  approximate  estimate  of  the  amount  of 
denudation,  calculated  from  the  thickness  and  extent  of  the 
derived  deposits.  The  researches  of  Pomel  and  Ziitel  in  the 
Libyan  Desert  and  the  Algerian  Sahara,  with  their  numerous 
isolated  hills,  proved  that  this  area  had  been  denuded  on  a 
scale  of  remarkable  magnitude,  probably  by  subaeri.al  agencies 
during  the  Pliocene  and  Diluvial  periods.  Dutton's  famous 
work  on  the  Grand  Canon  showed  that  the  extensive  denuda 
tion  of  the  Colorado  lands  had  been  likewise  accomplished 
within  comparatively  recent  geological  epochs 

Neumayr,  who  m.ade  in  18S5  a  special  investigation  of  the 
orii^inal    distribution    and   extent  of  the   Jurassic  formation) 
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found  many  evidences  leading  to  the  conclusion  that  there 
had  been  enormous  denudation  of  Jurassic  dep>osits  in  certain 
areas.  These  few  examples  suffice  to  show  how  cautiously 
one  must  use  the  present  disposition  of  geological  forma- 
tions as  a  basis  for  the  reconstruction  of  maps  portraying 
the  distribution  of  continent  and  ocean  in  past  geological 
epochs.  It  is  almost  impossible  in  the  case  of  the  older  sedi- 
mentary deposits  to  ascertain  the  amount  of  denudation  they 
have  incurred  in  past  ages. 

Mechanical  Sediments  in  the  Ocean. — In  the  eighteenth 
century,  De  Maillet  had  investigated  the  deposition  of  sediment 
on  the  floor  of  the  ocean.  Early  in  the  following  century,  the 
writings  of  De  la  Beche,  Lyell,  and  Elie  de  Beaumont  provided 
able  chapters  on  sedimentation,  and  explained  the  deposition 
of  detritus  over  alluvial  tracts,  and  on  the  floor  of  fresh-water 
lakes,  inland  seas,  or  the  ocean.  The  observations  of  these 
authors  were  made  chiefly  on  the  English,  French,  and  Medi- 
terranean coasts. 

A  classical  work  on  the  subject,  The  Litholo^^  of  the 
Sea-F/oor,  was  published  in  1871  by  the  engineer  and  geologist, 
M.  Delesse.  Beginning  with  a  full  exposition  of  the  origin 
and  constitution  of  the  material  transported  from  Continent  to 
Ocean,  Delesse  next  describes  the  sediments  throughout  the 
whole  sea  margin  of  France,  and  then  depicts  those  in  the 
other  seas  of  Europe  and  along  the  coasts  of  North  and  Central 
America.  Three  coloured  maps  show  the  distribution  and  the 
petrographical  character  of  the  marine  sediments  in  these 
areas,  and  illustrate  for  the  first  time  the  great  variety  in  the 
nature  of  the  deposit  on  one  and  the  same  coast.  Delesse, 
applying  his  knowledge  of  the  modern  formations  of  sediments, 
was  enabled  to  reproduce  in  cartographical  form  the  probable 
distribution  of  land  and  sea  in  France  during  the  Silurian, 
Triassic,  Liassic,  Eocene,  and  Pliocene  periods.  Rough 
sketches  of  a  similar  kind  had  been  previously  prepared  by 
Elie  de  Beaumont,  by  Lyell  and  Dana.  Those  of  Delesse 
have  been  a  model  for  all  subsequent  efforts  in  this  direction, 
and  have  never  been  surpassed.  The  Atlas  by  Canu,  pub- 
lished in  1895,  provides  more  geological  detail,  but  the  maps 
are  less  clear. 

While  the  work  of  Delesse  comprises  all  the  important  facts 
known  up  to  the  year  187 1  about  the  constitution  of  littoral 
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sediments,  it  dors  not  coIct  ioto  (he  ronsidcration  of  dcrp-sca 
(kposits,  Tfae  samples  bro«shl  bj  CapUin  Brooke,  in  1S57, 
from  d>e  Kamuctudca  Set,  at  depth*  beiwMn  900  and  t.joo 
falbonu,  wtxe  examined  tiy  UaiJe;,  vbo  demonstrated  the 
existence  of  abyssil  pelagic  sediments  composed  of  tht 
shells  and  skeletons  of  Fonminircra,  Radiobtians,  and  U- 
aionts.  Similar  deposits  at  smaller  depth*  had  already  been 
pTorcd  by  the  researdtn  o(  Ehrenbd^  Joseph  Hooker,  and 
Poutufts.  In  i8sr.  soimdings  were  commenced  in  the 
Aikntk  Ocean,  wiien  it  was  desired  to  establish  cable  com- 
municaikm  betwten  the  Old  and  the  New  Worlds.  Samples 
of  (he  deposits  of  the  ocean-floor  were  given  to  Huvlvy  bf 
QqiLain  D;if  man,  and  the  examination  of  these  tesutied  in  in 
accurate  description  of  Glol^enna  Oo^e.  Between  i860  and 
1870  many  soundings  ar>d  dredgings  were  taken  in  the  Atlantic 
Oc^n,  arid  the  rcrpotts  of  tVfville  Thomson,  Carpenter,  and 
PourLtlts  added  valuable  scientiGc  information  about  tlw 
|)elagic  Taunas  and  sediments. 

Oceniiogrjphy  was  signally  advanced  by  the  resjlls  of  the 
Challai-e'-  Expedition.  The  English  siiip  Chal/enger  sailed 
for  four  years  (1872  76)  on  a  voyage  of  exploration  of  t'le 
great  ocL'an  basins.  The  material  brought  home  was  invesli- 
galed  and  repotted  upon  by  the  most  cmintnl  scientific 
sptcialisis  of  the  day.  The  final  report  by  Murray  and  Rcnnrd 
(IXHidon,  1S91)  contains  an  exhaustive  exposition  of  the 
wholt  field  of  modern  knovrledge  regarding  pelagic  dejwsits. 
A  comparison  ol  this  masterly  work  with  that  of  Delesse, 
shoA's  what  a  grand  accuniulalion  of  new  facts  had  been 
obtained  during  the  twenty  years  thai  had  elapsed,  and 
more  especially  how  deep  a  debt  of  gratitude  science  owes 
to  the  promoters  and  enthusiastic  workers  of  the  Cha'Un^er 
Kxpcdilion. 

In  the  Challenger  Report  all  deep-sea  deposits  are  classed 
as  "terrigenous"  or  "pelagic"  in  origin  {ante,  p.  183).  The 
former  are  distributed  for  the  most  part  along  the  coastline, 
upon  a  shallow  submarine  i>latroim  adjacent  to  the  shore,  and 
a  gentle  slope  descending  to  lower  depths.  'I'he  pelagic 
dejxjfiits  owe  their  origin  partly  to  the  organic  world,  partly 
to  subnwrine  volcanoes,  and  cover  the  floor  of  the  open 
oi:ean.  All  the  different  kinds  of  sediment  are  described  in 
the  Challenger  Re|>ort  macroscopically,  microscopically,  and 
diemically;   their  exact  occurrence  is  entered  upon  maps  of 
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the  soundings,  and  a  general  map  is  drawn  representing  their 
geographical  distribution. 

I'he  deposits  due  to  the  mechanical  action  of  water  are 
almost  entirely  of  terrigenous  origin.  River  detritus  and  the 
sand  and  mud  produced  by  wave  action  are  floated  seaward 
and  spread  on  the  floor  by  the  action  of  marine  currents. 
'J'he  blue  colouring  matter  in  terrigenous  deposits  is  sometimes 
an  organic  substance,  sometimes  iron  sulphide;  the  green 
colour  is  due  to  glauconite,  the  red  colour  to  yellow  iron  ore. 
On  the  coasts  where  volcanic  rocks  predominate,  marine  mud 
consists  of  finely  triturated  volcanic  material.  The  pelagic 
**  Red  Clay"  so  widely  distributed  in  the  Pacific  and  Indian 
Oceans  as  a  rule  occupies  the  deeper  stretches  of  the  ocean- 
floor.  According  to  the  investigations  of  Murray  and  Renard, 
deep-sea  "  Red  Clay  "  is  essentially  composed  of  strongly  de- 
composed volcanic  material,  originating  partly  from  subaerial, 
partly  from  submarine  eruptions,  and  also  contains  ^*  numerous 
remains  of  whales,  sharks,  and  other  fishes,  together  with 
zeolitic  crystals,  manganese  nodules,  and  minute  magnetic 
spherules,  which  are  believed  to  have  a  cosmic  origin  "  (sec 
Murray,  "Oceanography,"  Geographical  Jou ma /^  1899).  The 
Red  Clay  deposits  pass,  in  most  places,  quite  gradually  into 
the  calcareous  oozes. 

A  sj>ecial  interest  attaches  to  the  cliemical  changes  that  take 
place  in  the  waters  of  the  ocean  or  the  ocean-floor  by  the 
action  of  the  sea  water  upon  the  various  kinds  of  sediment. 
TTie  zeolitic,  manganitic,  and  phosphatic  contents  of  tlic  Red 
Clay  betray  what  an  important  part  has  been  played  by 
chemical  interchange  in  determining  the  actual  constitution  of 
this  extensive  deposit.  The  more  accurate  knowledge  of  the 
ocean-floor  has  thrown  a  flood  of  new  light  upon  all  researches 
regarding  the  deposits  of  past  geological  epochs,  their  correla- 
tions, their  origin,  their  constitution,  their  subsequent  trans- 
formations, chemical  and  dynamical.  It  is  not  too  much  to 
say  that  the  Challenger  Expedition  marks  the  grandest  scientific 
event  of  the  nineteenth  century. 

Chemical  Deposits  in  Water, — Chemical,  technical,  medical, 
and  geological  works  have  published  innumerable  analyses 
of  the  chemical  deposits  separated  in  springs,  underground 
water,  rivers,  and  lakes.  Gustav  Bischof  summarised  the 
most   impcrtant    results   of    this   extensive    literature  m   lus 


Chtmieal  Geology,  and  the  later  work  of  J.  .Roth  (1879)  con- 
tains an  even  fuller  account  of  this  subject  The  deposits 
furmed  m  a  purely  chemical  way,  without  any  assistance  ffom 
organisms,  have  been  so  systematically  and  ably  elucidated  by 
iJischof  and  Rolli,  that  Ihete  is  now  scarcely  any  difference  of 
opinion  atnong  geologists  regarding  the  origin  of  calcareous 
tufa,  travertine,  ochre,  hydrous  ferric  oxide  or  "  moorband  pan," 
siliceous  sinter,  fresh-water  limestone  and  dolomite,  and  other 
kinds  of  spring  and  fresh-water  deposit.  Mellard  Readi:  has 
more  recently  calculated  the  amount  of  material  held  in 
chemical  solution  in  rivers  and  transported  by  thcra  to  the  sea. 
If  his  hgures  are  confirmed  by  further  analyses,  they  wiU 
form  the  basis  of  far-reaching  conclusions. 

The  earliest  analyses  of  sea-water  niade  in  the  nineteenth 
century  were  those  of  Vogel,  Marcel,  WoUaslon,  and  Bibra. 
In  ihe  year  1845,  the  famous  Copcnhagun  chemist,  Furcb- 
hammer,  began  a  scries  of  researches  on  the  composition  0/ 
sea-water,  and  twenty  years  later  his  admirable  treatise  on 
Ihe  subject  was  published.  Itischof  and  Roth  also  investi- 
gated the  composition  of  sea-water. 

It  may  be  said  in  general  that  no  chemical  deposits  form  on 
the  floor  of  the  open  sea,  as  the  immense  volume  of  sea-water 
holds  the  substances  in  solution.  Only  very  small  quantities 
of  lime  carbonate  and  magnesium  carbonate  or  dolomite  seem 
to  be  deposited  under  certain  conditions. 

In  inland  salt  seas,  gypsum  and  rock-salt  separate  out  in 
large  quantities  and  form  thick  floor  deposits — for  example,  in 
the  Great  Salt  I>ake  of  Utah,  ihe  salt  seas  of  Cenital  Asia  and 
Southern  Russia,  in  the  Shotts  of  the  Sahara,  and  in  many 
bilter  lakes.  The  process  of  the  spontaneou;  evaporation  of 
sea-water  was  studied  by  Usiglio  (1849)  on  Mediterranean 
water,  and  by  his  laboratory  experiments  he  determined  the 
order  in  which  the  various  sails  are  de|iosited  during  progres- 
sive concentration  of  the  brine  liquor.  Usiglio's  results  were 
then  applied  in  the  production  of  salt  from  sea-waier  for 
commetcial  purposes. 

An  attractive  account  of  the  saline  basins  in  the  North 
Caspian  Steppes  was  comribuied  to  Kmian's  Journal  by  Haer 
in  1854.  The  salt  deposits  were  c.irefiilly  described,  and  the 
author  concluded  from  the  distribiUiun  of  the  basins  that  the 
('aspian  Sea  was  formerly  of  far  wider  extent.  Baer  denton- 
siratt-d  that  (he  waters  of  the  Caspian  Sia  are  still  diministnng 
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in  volume,  and  the  salt  deposits  steadily  accumulating  in  its 
shallow  offshoot  called  the  Karaboghaz. 

Gilbert  arrived  at  a  similar  conclusion  with  regard  to  the 
Great  Salt  I^ke  of  Utah.  The  surface  of  this  lake  is  now  at  a 
height  of  4,250  feet  above  sea-level,  but  old  lacustrine  terraces 
are  present  at  higher  levels  round  its  margins,  the  highest  being 
940  feet  above  the  present  surface-level.  Gilbert  explains  the 
shrinkage  in  the  size  of  the  lake  as  a  result  of  local  meteoro- 
logical changes.  Owing  to  the  diminution  in  the  rainfall  and 
in  the  volume  of  inflowing  rivers,  the  surface  of  the  lake  sank 
below  its  former  outlet,  and  the  lake-water  became  more  and 
more  saline  until  it  arrived  at  its  present  degree  of  concentration. 

The  most  complete  accounts  of  the  Dead  Sea  and  its  salt 
formations  are  those  given  by  O.  Fraas  and  L.  Lartet  The 
dei)osition  of  salt  and  gypsum  takes  place  every  summer,  when 
evaporation  is  rapid,  and  a  layer  of  mud  is  deposited  during 
the  intervening  period  of  diminished  evaporation. 

Geologists  early  recognised  the  agreement  of  the  chief 
products  of  super-saturation  of  existing  sea-water  and  salt  lakes 
with  the  layers  of  rock-salt  in  ancient  geological  formations  of 
the  crust.  Fichtel  {anfe^  p.  88)  had  expressed  the  view  that 
the  Transylvanian  salt-deposits  represented  evaporation  pro- 
ducts formed  from  sea-water,  which  had  found  ingress  into 
underground  cavities  after  the  consolidation  of  the  crust.  The 
upright  position  of  salt-veins  at  Bex,  in  the  Rhone  Valley,  led 
the  younger  Charpentier  to  the  conclusion  that  the  salt  must 
have  originated  from  sublimation  in  crust-fractures. 

Several  geologists  about  the  middle  of  the  nineteenth  century 
suggested  the  probability  of  a  plutonic  origin  of  salt-layers  after 
the  manner  of  the  massive  crystalline  rocks.  This  view  was 
warmly  repudiated  by  G.  Bischof,  who  rightly  argued  from  his 
knowledge  of  the  recent  deposits  in  the  Dead  Sea  and  the 
North  Caspian  depressions,  that  the  salt-deposits  within  the 
earth's  crust  had  taken  origin  in  the  same  way  from  ancient 
basins  of  water  as  they  became  desiccated.  The  salt-layers  of 
Stassfurt  and  Kalusz  remained  for  a  long  time  an  unsolved 
problem,  since  no  direct  comparison  could  be  found  between 
them  and  any  natural  deposit  in  present  course  of  formation. 
At  Siassfurt,  thin  beds  of  highly  deliquescent  salts  succeed  the 
main  salt-layer;  first,  a  thin  band  of  anhydrite,  then  a  bed  of 
deliquescent  chlorides,  including  some  sodium  chloride,  then  a 
bed  of  p>otassium  and  magnesium  suli)hate,  and  lastly  an  upper 
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laji-r  of  double  chlorides  of  potassium  and  magnesium.  These 
salts,  in  spile  of  iheit  high  deliquescence,  have  been  preserved 
from  denudation  in  an  exceptional  degree  owing  to  ihc  presence 
of  a  thick  protective  surface- man  lie  of  clay. 

Tlie  subject  was  treated  by  E.  Reichhatdl  (1866),  and  still 
more  successfully  by  F.  Bischof  (1875),  upon  the  recognised 
principles  of  desiccation. 

Ochsenius  in  1875  set  forth  the  nature  of  the  conditions 
under  which  the  Stassfurt  succession  might  have  been  foimcd 
in  nature.  He  supposes  a  bay  or  a  sea-basin  connected  with 
the  main  ocean  only  by  a  narrow  channel,  wliich  was  jH-Tiodi- 
cally  closed  by  crust  move  men  is,  or  by  the  accumulation  of 
sandbanks  or  submarine  liars  which  could  be  surmounted  only 
at  the  highest  tides.  During  Ihc  period  of  closure,  nhcarvcT 
the  evaporation  exceeded  tile  inflow  of  fresh  water,  a  concen- 
tration of  the  salt  water  would  take  place,  and  gypsum,  an- 
hydrite, and  s.ili  would  be  thrown  down.  If  a  permanent 
isolLl^;|.^■!  >  ■  !.■  .  I  ■■  '(I'-cted,  and  desiccation  brought  al>out  in 
\.hU  ]■  .  .      ,    ■    lollowcd  that  llic  sail  of  the  motticr- 

liquor  must  sep.ir.Tii;  out  completely  in  accordance  with  the 
order  of  ihtir  solubility. 

C.  Geoh^icixl  Effuts  of  let. — The  importance  of  ice  as  a  geo- 
logical agent  was  much  later  in  being  recognised  than  that  of 
water,  and  this  is  readily  explicable  from  the  more  limited 
occurrence  of  ice  and  the  less  striking  character  of  its  action. 
Moreover,  the  regions  where  ice  displays  its  grandest  effL-cis 
were  still  avoided  in  the  eighteenth  century,  and  were  only 
familiar  to  a  few  hold  explorers.  The  river  and  lake  ice  of  the 
continents,  and  the  ocean  ice  of  the  Polar  districts  have  little 
interest  for  geologists,  since  they  cannot  help  much  in  eluci- 
dating the  work  of  ice  in  the  past  epochs  of  the  earth's  history. 
Greater  interest  attaches  lo  the  glaciers  of  the  mountain- 
systems  and  the  inland  ice-sheets  of  the  Polar  continental 
areas, 

(llai-iers  are  mentioned  for  the  first  time  in  literature  as 
a  subject  of  scientific  investigation  in  Scheuchzer's  Reisfbt- 
schreibuiig  der  S^huvizer  Alpiti.  Tlie  indefatigable  and 
learned  scientist  records  the  few  olwervations  of  Simler  and 
Hottinger  on  the  origin  and  movemeni  of  glaciers,  and  after 
a  careful  description  of  several  glaciers  visited  by  himself, 
bn  exphins  the  movement  as  a  result  of  the  infiltration  and 
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freezing  of  water. in  cracks  and  other  spaces.  Scheuchzer  is 
thus  the  founder  of  the  Theory  of  Dilatation,  afterwards  advo- 
cated by  Charpentier  and  Agassiz.  The  pastor  Altmann  in 
1750,  and  Gruner  in  1760,  wrote  about  glaciers  without  bring- 
ing forward  anything  essentially  new.  They  referred  the 
movement  of  Alpine  glaciers  to  the  sliding  of  the  ice  on  a 
sloping  base.  Neither  Scheuchzer  nor  the  two  last-named 
authors  had  given  special  attention  to  the  moraines. 

A  short  paper,  published  in  1787,  by  Kuhn  in  Hopfner's 
Magazin  Jiir  Helvetiens  Naturkunde,  contained  not  only 
an  excellent  description  of  the  Grindelwald  glacier  and  its 
moraines,  but  the  author  also  followed  the  old  moraines,  and 
concluded  that  the  glacier  had  formerly  been  of  far  greater 
extent.  De  Saussure*s  famous  Book  of  Travels  (i  796-1803) 
contained  accurate  descriptions  of  the  glaciers  in  Wallis,  the 
Bernese  Oberland,  and  the  Mont  Blanc  group.  The  form, 
arrangement,  composition,  and  movement  of  the  moraines  were 
all  carefully  handled.  Saussure  also  used  the  moraines  as  a 
means  of  determining  the  extent  and  the  advance  and  retreat 
of  the  glaciers,  without,  however,  drawing  any  general  con- 
clusions. Strange  to  say,  he  associated  neither  the  smoothness 
of  the  glacier  floor  nor  the  "  Roches  moutonnees  "  with  the 
movement  of  ice-masses. 

Saussure  had  in  F.  G.  Hugi  a  successor  who  accomplished 
much  for  ihe  knowledge  of  Alpine  glaciers.  A  fearless  moun- 
taineer, Hugi  explored  the  upper  reaches  of  the  glaciers;  in 
1827  he  even  built  a  hut  on  the  Finsteraar  glacier  for  his 
convenience  in  carrying  on  researches.  He  observed  many 
facts  about  the  structure  and  constitution  of  the  snow,  firm, 
and  ice  at  different  heights,  about  the  position  of  the  firm  line, 
about  fissures  and  crevasses  which  had  escaped  previous 
investigators. 

In  the  year  182 1,  at  the  Eighth  Annual  Congress  of  the 
Swiss  Society  of  Scientist*;,  the  engineer  Venetz  read  a  paper  on 
the  variations  of  temperature  in  the  Swiss  Alps,  which  con- 
tained wholly  new  conceptions.  This  important  paper  was  not 
published  until  1833.  Venetz  called  attention  to  the  fact  that 
there  were  not  only  moraines  connected  with  the  advances  and 
retreats  of  the  Alpine  glaciers,  but  that  in  addition  to  those, 
morainic  walls  occurred  at  a  greater  distance  from  the  present 
glaciers,  and  they  gave  evidence  of  glaciation  on  a  scale  of 
enormous  magnitude  in  some  former  period.     In   1829  Venetz 
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gnve  confirmatory  evidence  in  favour  of  the  much  gramii-r 
dimensions  of  the  Alpine  glaciers  in  a  past  age.  In  addition 
to  Ihe  morainic  walls  he  referred  to  ice  transport  of  ihc  erratic 
boulders  dispersed  in  such  numbers  in  Alpine  valleys  nnd 
across  the  plains  at  the  base  of  the  Alpf,  and  throughout 
Northern  Europe. 

Under  the  influence  of  Venetz,  Charpcnticr  (rt/i/c,  p.  loj), 
director  of  salt-works  and  a  personal  friend  of  Veneij;,  became 
deeply  interested  in  glacial  studies.  Starting  with  the  idea 
that  his  friend  had  formed  erroneous  conceptions,  Cliarpentier 
soon  became  a  convert,  and  declared  himself  openly  in  ihcir 
favour.  He  gave  in  1834  a  memorable  address  at  Lucerne,  in 
which  he  showed  Ihat  the  large  erratic  blocks  could  not  have 
been  transported  by  water;  that  the  frequent  scratches  and 
deep  grooves  on  tlie  rocks  in  Wallis  are  the  work  of  glaciers; 
that  the  occurrence  of  morainic  walls  and  erratic  blocks  remote 
from  the  present  glaciers  proved  incontestably  the  former 
presence  of  longer,  wider  ice-rivers.  He  thought  the  grealer 
ghcialion  of  the  Alps  in  a  former  epoch  might  be  explained 
by  the  greater  height  which  the  Alpine  summits  had  once 
attained. 

Enthusiasm  for  the  subject  was  now  thoroughly  aroused  in 
Switzerland.  Acting  on  the  initiative  of  Charpemier,  and 
under  his  personal  guidance,  Louis  Agassi;,  in  the  summer  of 
1836,  made  his  first  glacial  studies  at  Bex  on  the  erratics  in 
the  Rhone  Valley,  and  explored  the  glaciers  of  Diablerets  and 
in  the  neighbourhood  of  Chamonix.  His  fellow-student  and 
friend,  Karl  Schimper,  accompanied  Agassiz  on  most  of  these 
excursions.  The  genial  Munich  botanist  had  already  made  a 
study  of  the  erratics  on  the  Bavarian  plain  at  the  base  of  the 
Alps,  and  had  explained  them  as  masses  transpoiled  from  the 
mountains  by  floating  icebergs. 

Schimper,  from  numerous  observations  on  the  variation  of 
past  floras  and  faunas,  formulated  his  conception  of  alternating 
epochs  of  desolation  and  re-animation.  He  identified  the 
youngest  period  of  desolation  as  that  during  which  the  enaiics 
bad  been  distributed,  and  regarded  it  as  a  great  Ice  Age. 
Schimper  emlwdied  these  ideas  in  courses  of  lectures  delivered 
in  Munich  to  a  small  circle  of  friends.  In  the  winter  of 
1836-37,  Agassiz  also  gave  a  course  of  lectures  at  Neuchatel 
on  glaciers  and  the  Ice  Age,  and  copies  of  an  ode  written  by 
Schimper    on    the    Ice  Age    were   distributed    by  the    poet 
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himself  to  the  members  of  Agassiz*  class.  In  that  poem, 
which  was  re-published  in  184 1,  the  epoch  of  ice  was  thus 
depicted  : — 

'*  Ice  of  the  Past !  of  an  Age  when  Frost 
In  its  stern  clasp  held  the  lands  of  the  South, 
Dressed  with  its  mantle  of  desolate  white 
Mountains  and  forests,  fair  valleys  and  lakes  ! " 

In  July  1837,  Agassiz^  laid  a  report  of  his  glacier  studies 
before  the  Annual  Congress  of  Swiss  Scientists,  in  which  he 
expressed  his  view  that  a  strong  fall  of  temperature  had  taken 

^  Louis  Jean  Rudolph  Agassiz,  the  son  of  a  Swiss  Protestant  pastor, 
was  born  28th  May  1807  at  Motiers,  on  the  Murten  Lake  (Canton 
Waadt).  He  was  educated  first  at  the  academy  of  Lausanne,  and  later 
studied  Medicine  and  the  Natural  Sciences  at  Zurich,  Heidelberg,  and 
Munich.  While  still  a  student  he  occupied  himself  with  the  study  of 
recent  and  fossil  fishes,  and  after  the  publication  of  the  first  part  of  his 
great  work  on  Fossil  Fishes  he  came  into  personal  relations  with  Cuvier 
and  IIuml)oldt  in  Paris.  In  1832  the  already  world-renowned  young 
naturalist  was  appointed  Professor  at  the  Academy  of  Neuchatel,  an(l 
made  it  an  active  centre  of  scientific  investigation.  In  1834  he  paid  a  visit 
to  England  for  the  purpose  of  studying  the  British  fossil  fishes,  and  in  the 
same  year  received  from  the  Geological  Society  the  Wollaston  medal.  In 
the  summer  of  1836  he  began  his  glacial  studies  under  Charpcnlier's 
direction,  and  pursued  them  for  ten  years  with  striking  success  in  the  Swiss 
Alps,  in  Great  Britain,  and  afterwards  in  North  and  South  America.  In 
1846  he  crossed  the  Atlantic  and  delivered  courses  of  lectures  in  various 
towns,  and  was  appointed  Professor  of  Zoology  and  Geology  in  the 
University  of  Cambridge,  U.S.A.,  in  1847.  He  went  as  Professor  of 
Comparative  Anatomy  to  Charleston  in  1851,  but  returned  in  1853  to 
Cambridge.  In  1859,  he  founded  there,  with  pecuniary  aid  from  private 
individuals  and  also  from  the  State,  the  fine  Museum  of  Comparative 
Zoology.  His  public  lectures,  also  the  instruction  he  gave  at  Harvard 
College,  his  numerous  publications,  exhibited  such  an  almost  unique 
activity  as  to  procure  him  great  popularity.  His  interest  in  his  magnificent 
Museum,  the  opportunities  to  follow  his  zoological  studies,  and  to  take 
part  in  various  marine  expeditions  which  his  residence  near  the  sea 
procured  him,  and,  not  least,  the  enthusiastic  reception  which  he  had 
received  in  North  America,  and  the  influence  he  could  have  there  on  the 
whole  development  of  scientific  life,  induced  Agassiz  to  refuse  many 
tempting  offers  to  return  to  his  native  land,  and  also  the  offer  of  an 
apj>ointment  in  Paris  as  a  Professor  in  the  Museum.  He  became  a 
naturalised  American,  and  died  in  Cambridge,  Mass.,  on  the  14th  December 
1873.  Besides  his  epoch-making  work  on  fossil  fishes  and  his  glacial  studies, 
Agassiz  jmblished  valuable  monographs  on  fossil  and  recent  Echinids  and 
Molluscs,  and  numerous  zoological  works.  In  1868  a  report  on  his 
journey  to  Brazil  api.>eared,  and  was  followed  in  187 1  by  another  on  a 
deep-sea  investigation  between  Cape  Horn  and  California.  To  the  lust 
Agassiz  comlxited  Darwin's  theory  of  evolution. 
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place  previous  to  the  upheaval  of  the  Alps ;  enormous  masses 
of  ice  had  been  formed  and  had  cxiended  over  the  autfac;  at 
far  as  erratic  blocks  and  the  scratched  and  polished  rocks 
could  now  he  observed. 

Schimpcr  took  umbrage  that  the  priority  of  the  Ice  Age 
Theory  should,  in  his  opinion,  have  been  slulun  from  him  hy 
Agassiz,  and  the  friendship  of  the  two  AlpiniKls  was  broken, 
Schimper  afterwards  confined  himself  to  the  publication  of  his 
Ode  and  of  a  scientific  communication,  which  he  made  10 
the  Annual  Congress  when  it  met  in  Neucnburg.  vVgaasi^ 
however,  continued  the  researches  with  unabaling  leal;  in 
company  with  l>csor  and  Studer.  he  visited  the  glaciers  of 
the  liernesc  Oberland,  the  Kloni  Blanc  group  and  the  Kfnnle 
Rosa  group,  and  published  the  results  of  his  investigation  in 
1840,  in  a  work  written  in  French,  and  immediately  translated 
into  German  by  Carl  Vogt. 

This  work,  which  Agassi;  suitably  dedicated  to  the  founders 
of  modern  glacial  rt";L-.irrh  in  l^wii/crland,  Veneli  and 
Charpentier,  contains  the  first  general  exposition  of  glacial 
phenomena  in  the  Alps.  For  much  of  his  information  Agassiz 
relies  upon  Saussure  and  Hugi,  but  he  devotes  far  closer 
attention  to  the  moraines  and  introduces  the  terminology  now 
in    common    use    (end    moraines,   lateral    moraines,    median 

Agassiz  explains  the  formation  of  median  moraines  through 
the  junction  of  two  lateral  moraines,  but,  like  previous  authors, 
he  fails  to  appreciate  the  existence  of  ground-moraine,  although 
he  clearly  explains  the  etching  action  of  sand-grains  on  the 
rocks  at  the  bottom  of  the  glacier.  With  respect  to  the  for- 
mation of  glaciers  from  descending  firn,  Agassiz  agrees  with 
the  conclusions  previously  arrived  at  by  Scheuchier,  Saussure, 
and  Hugi.  He  regards  Scheuchzer's  infiltmtion  and  dilatation 
theory  as  the  best  explanation  of  glacier  movement 

Agassiz  recognises  the  great  merit  of  Charpentier  in  having 
drawn  attention  to  the  scouring,  furrowing,  and  polishing  of 
rocks  effected  by  glaciers,  and  strongly  emphasises  the  work 
of  denudation  effected  by  glaciers  on  the  rocky  floor  over 
which  they  move.  He  describes  the  hunimocky  bosses  of 
rock  exposed  to  view  on  the  retreat  of  a  glacier,  and  notes 
their  ch.iracterislic  striated  appearance,  .ind  the  parallelism  of 
the  stria;  and  grooves  on  their  surface,  with  the  direction  tliat 
bad  been  followed  by  the  glacier. 
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Agassiz  can  see  no  sufficient  evidence  of  any  periodic 
regularity  in  the  advance  and  retreat  of  glaciers ;  tlie  variations 
of  the  glaciers  represent,  in  his  opinion,  the  result  of  two 
opposing  forces — the  forward  movement  of  the  ice-masses 
and  the  solvent  action  of  the  atmosphere.  The  precise  dimen- 
sions of  a  glacier  are,  he  writes,  essentially  correlated  with 
climatic  conditions;  a  change  of  climate  produces  a  corre- 
six>nding  increase  or  diminution  in  the  size  of  a  glacier. 
Agassiz  regards  the  testimony  in  Switzerland  as  absolutely 
convincing,  that  the  Swiss  Alps  were  formerly  almost  wholly 
under  ice.  He  contributes  a  wealth  of  observations  on  old 
moraines,  rows  of  blocks  left  in  Alpine  valleys,  rock-scratches, 
scarred  limestone  wastes,  p)ot-holes  (filctschermilhle\  and  the 
erratics  (Findiinge)  irregularly  scattered  on  the  plain.  A  very 
valuable  account  was  given  by  Agassiz  of  the  original  home, 
the  course  of  travel,  and  the  ultimate  position  assumed  by 
many  of  the  famous  "  erratic  "  blocks  in  Switzerland. 

Not  the  least  interesting  portion  of  the  work  is  that  in  which 
Agassiz  disposes  of  various  erroneous  explanations  previously 
given  for  "erratics"  by  geologists  of  authority — the  suggestion 
of  De  Saussure  and  Von  Buch  that  the  erratics  had  been 
transported  by  river-floods,  the  explosion  theory  of  Silberschlag 
and  De  Luc,  the  gliding  theory  of  Dolomieu,  and  the  drift 
theory  of  Lyell. 

After  brief  reference  to  the  observations  of  rock-scratches 
and  erratics  made  by  Sir  James  Hall  in  Scotland,  by  Brong- 
niart  and  by  Nils  Sefstrom  in  Scandinavia,  Agassiz  pro- 
ceeds to  enunciate  his  theory  of  the  Ice  Age.  In  conformity 
with  Cuvier's  Catastrophal  Theory,  he  supposes  that  at  the 
close  of  the  accumulation  of  the  geological  formations 
there  took  place  repeated  falls  of  temperature,  and  that 
immediately  defore  the  Alpine  upheaval  the  earth  became 
covered  with  a  thick  crust  of  ice.  An  enormous  icc-shcct 
extended  over  the  greater  part  of  Iilurope  and  across  the 
Mediterranean  as  far  south  as  the  Alias  mountains,  over 
Northern  Asia  and  Northern  America ;  above  the  ice  sheet 
only  the  highest  summits  emerged. 

While  the  Alps  were  being  upheaved,  the  icy  crust  still 
mantled  the  rocks,  and  any  fragments  dismembered  from  the 
solid  rock  during  the  movements  fell  upon  the  ice  and  were 
carried  away  upon  its  surface.  After  the  completion  of  Alpine 
uprise  the  climate  became  milder,  and  as  the  ice  melted,  great 
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and  small  crust  depressions  were  exposed  where  the  roclcs  had 
oliTered  least  resistance  to  the  overlying  weight  of  ice,  while 
large  angular  blocks  were  often  left  in  undisturbed  [wsilioii 
upon  the  ground-layer  of  pebble  and  sand  over  which  the 
ice-sheet  had  previously  moved. 

A  very  short  time  after  ihe  appearance  of  Agassi*"  work, 
Canon  Rendu,  afterwards  Bishop  of  Anne^y,  wrote  a  paper 
on  the  physics  of  glacier  ice.  He  attributed  to  glacier  ice. 
in  spite  of  its  hard  and  brittle  character,  a  certain  ductility 
which  enabled  it  to  mould  itself  hke  plastic  clay  to  its 
surroundings.  In  this  conception  Rendu  was  much  in  ad- 
vance of  his  time,  as  no  observer  had  thought  of  any  possibb 
connection  between  plasticity  and  briitlencss, 

In  the  same  year,  1841,  Cbarpcntier  published  his  £isai 
sur  les  G/an'ers,  one  of  the  grandest  contributions  to  the 
geology  of  his  time.  This  gifted  pupil  of  Werner,  whose 
pioneer  researches  in  the  Pyrenees  have  already  beer)  men- 
tioned, describes  in  tiie  first  part  of  the  essay  the  pheno- 
mena of  glaciers  with  a  fine  precision,  rivalling  that  of 
Saussure,  and  with  a  completeness  far  beyond  any  previous 
contribution  on  glaciers.  He  relies  almost  exclusively  upon 
his  own  observations,  whereas  Agassi/  frequently  used  the 
accounts  in  the  hterature.  The  second  part  of  the  essay  is 
even  more  important.  In  it  erratic  blocks  are  discussed,  and 
the  author  brings  forward  a  convincing  series  of  facts,  from 
which  he  draws  his  conclusion  that  only  glaciers  could  have 
transported  the  blocks  and  stranded  them  in  their  present 
positions. 

With  characteristic  modesty,  Charpentier  claims  neither  for 
Venetz  nor  for  himself  the  authorship  of  the  idea  that  larger 
glaciers  had  formerly  filled  the  Alpine  valleys  and-  had  left 
the  erratics  strewn  along  them.  He  relates  that  uneducated 
mountaineers,  more  especially  a  chamois- hunter,  Perraudin, 
from  Lourtier,  and  a  native  of  Chamonix,  Marie  Deville,  had 
formed  this  idea  and  communicated  it  orally.  He  also  recalls 
a  remark  of  Playfair's  that  had  long  sunk  into  oblivion,  but 
was  the  same  in  effect  as  Charpenlier's  own  conclusion. 

The  hypothesis  of  a  connected  ice-sheet,  which  had  been 
propounded  by  Agassiz,  was  not  accepted  by  Charpentier,  In 
the  essay,  Charjjentier  explains  his  arguments  against  it,  and 
he  further  insists  that  the  maximum  advance  of  the  glaciers 
occurred  q//er  the  upheaval  and  partial  subaerial  denudation 
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of  the  Alps,  and  not  before  the  upheaval,  as  Agassiz  had 
assumed.  The  particular  distribution  of  the  transported 
blocks  upon  the  slopes  of  the  valleys,  often  in  long  lines, 
affords,  in  Charpentier's  opinion,  clear  proof  that  river-valleys 
had  already  been  eroded  in  the  mountain-system  before  the 
glaciers  made  their  descent  to  the  plain.  Neither  does  he 
agree  with  Agassiz  that  the  Ice  Age  was  the  result  of  a 
universal  fall  of  temperature  over  the  earth  associated  with 
astronomical  causes,  but  regards  the  climatic  variations  in  the 
Alps,  and  the  advance  and  greater  dimensions  of  the  glaciers, 
as  local  phenomena. 

Although  Agassiz  and  Charpentier  differed  in  their  general 
conclusions,  both  followed  the  true  inductive  method,  and  the 
leading  principles  which  they  established  by  their  study  of  the 
Swiss  glaciers  have  held  their  place  in  geological  literature. 
The  moraines  and  appearances  produced  by  them  had  been 
treated  by  Agassiz  with  the  fullest  detail  and  the  most  brilliant 
results.  But  between  1840  and  1845  the  glaciers  themselves 
were  made  the  chief  subject  of  his  investigation. 

Provided  with  physical  instruments  and  a  boring  apparatus, 
he  went  in  1840  to  the  Grimsel  Hospice;  on  the  median 
moraines  of  the  Lower  Aar  Glacier  he  erected  a  primitive  hut, 
the  "  Hotel  des  Neuchatelois,"  which  he  occupied  together 
with  his  companions,  E.  Desor,  C.  Vogt,  F.  von  Pourtales, 
C  Nicolet,  and  H.  de  Coulon.  Agassiz  and  Pourtales  under- 
took the  meteorological  observations  and  the  investigations  on 
the  inner  structure  and  movement  of  the  glaciers.  Vogt 
studied  the  microscopical  fauna  of  the  red  snow,  Nicolet  the 
flora  of  the  neighbourhood,  Desor  and  Coulon  the  glacier 
appearances  and  the  moraines.  In  the  following  years,  Escher 
von  der  Linth,  the  Scotsman  J.  D.  Forbes,  the  artist  Burck- 
hardt,  and  others,  took  part  for  a  time  in  the  work  on  the  Aar 
glacier,  and  in  the  ascents  of  the  Jungfrau,  which  were  made 
under  the  care  of  the  guide  Leuthold. 

The  researches  made  from  the  hut  were  the  first  systematic 
observations  on  the  movement  of  ice  in  the  different  parts  of  a 
glacier  under  the  various  diurnal  and  seasonal  conditions, 
and  on  the  temperature  of  the  ice  at  different  seasons,  while 
the  first  facts  regarding  the  thickness  and  internal  structure  of 
the  ice  were  secured  by  means  of  borings. 

While  Agassiz  and  his  band  of  enthusiastic  workers  were 
busy  in  the  high  levels,  the  lower  valleys  at  the  north  and 
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south  base  of  the  Alps  were  being  examined  by  A.  GuyoL 
Agassiz  had  asked  him  to  study  the  fofmer  eKtent  of  the 
glacicTs  anJ  ihe  erratic  blocks.  The  original  Tntcniion  was  to 
publish  a  work  in  common  which  should  comprise  the  rcsutu 
of  all  Ihe  participants  in  the  glacier  researches  ;  Agassiz  was  to 
write  the  first  volume  on  the  glacier  phenomena  proper,  Guyot 
was  to  write  the  second  volume  on  the  erratic  blocks  in  the 
Alps,  and  Desor  was  to  contribute  a  third  volume  on  extra- 
Alpine  material.  Only  the  first  volume  was  evtr  published, 
Afiassiz'  Syslime  Gtaciairc,  1S47,  with  three  maps  and  ntne 
folio  plates.  Guyot  went  to  Princeton,  in  North  America,  and 
placed  his  5000  samples  of  erratic  blocks  in  the  Museum 
there.  The  most  important  results  of  his  researches  were 
published,  i843-47,  in  the  Bulltlin  de  tit  Sonili  d^  Se.  nai.  dt 
Ntuchaicl. 

When  Agassiz  had,  in  1S40,  made  known  his  Joe  Age 
theory,  he  knew  the  Northern  Diluvium  only  from  the  litera- 
liirc.  A  visit  lo  the  Glasgow  Meeting  of  the  British  Associa- 
tion in  1840  afforded  him  the  opportunity  of  studying  the 
erratics  in  the  Scottish  Highlands.  Together  with  his  former 
opponent,  Buckland,  whom  he  completely  converted  to  his 
views,  Agassiz  found  signs  of  glacier  action  widely  distributed, 
old  moraines,  glacier  scratches,  roches  moutonn^es,  and  he 
identified  in  the  Scottish  "  Till "  (bouider-clay,  ground- 
moraine)  scratched  pebbles  and  the  fine  clay  and  sand 
material  which  glaciers  push  forward  on  the  ground  as  they 
move.  The  importance  of  the  scratched  pebbles  as  indications 
of  glacial  formations  was  thus  recognised  for  the  first  time. 

In  his  Glacial  System,  Agassiz  moderated  his  views  on  a 
connected  polar  ice-mantle  over  the  greater  part  of  Europe;  he 
allowed  that  the  glaciation  of  the  Alps  had  been  distinct  from 
that  of  the  northern  lands,  and  that  it  had  taken  place  after, 
and  not  before  the  upheaval  of  the  mountain-system.  He 
also  accepted  the  testimony  of  Rendu  and  I-'orbes  on  the 
plasticity  of  glacier-ice,  and  referred  the  movement  of  glaciers 
lo  a  combination  of  physical  causes  of  which  dilatation  was  only 
one. 

The  enthusiasm  of  the  Neuchatel  glacialisls  was  infective, 
and  for  some  years  glacial  studies  were  highly  popular.  The 
physicist,  James  Forbes,  from  Edinburgh,  went  for  three 
summers  in  succession,  1842-44,  to  Switzerland  to  study  the 
movement  of  glaciers.     His  results  appeared   from    time  to 
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time  in  the  form  of  letters  in  the  Edinburgh  New  Philosophical 
Journal,  He  established  the  important  fact  that  glaciers  move 
more  rapidly  in  the  middle  than  at  the  sides  and  bottom, 
and  argued  from  this  differential  motion  that  the  glacier  ice 
behaved  like  a  slightly  viscous  mass,  which  under  the  influence 
of  gravity  was  bound  to  flow  slowly  downward  after  the  manner 
of  a  lava  stream.  So  many  of  the  glacier  phenomena  were 
explained  by  Forbes's  theory  of  the  plasticity  of  the  ice,  that  it 
immediately  found  wide  acceptance. 

The  Swiss  botanist,  Martins,  explored  glaciers  in  Spitz- 
bergen  and  Scandinavia.  He  demonstrated  the  former  greater 
extent  of  the  glaciers  in  those  territories,  and  made  the  first 
detailed  study  of  "ground-moraines,"  and  the  kind  of  sedi- 
ment deposited  by  the  river  out-flows  from  glaciers  (glacial 
diluvium). 

In  all  countries  where  science  was  cultivated  rapid  studies 
were  made  between  1840  and  -1850  in  glacial  geology;  Great 
Britain,  the  Pyrenees,  the  Black  Forest,  Upper  Italy,  Scandi- 
navia, North  America,  were  diligently  and  successfully  searched 
for  evidences  of  an  epoch  of  extensive  glaciation.  Germany 
was  much  longer  in  accepting  the  new  teaching.  Leopold 
von  Buch  strongly  opposed  the  results  attained  by  the  Swiss 
glacialists,  and  his  influence  retarded  scientific  inquiry  of  the 
question  in  North  Germany. 

The  city  of  Munich  enjoys  exceptional  natural  advantages 
of  position  for  glacial  research,  seeing  that  the  Bavarian  plain 
up)on  which  it  stands  has  been  smoothed  and  scratched  by  the 
ancient  glaciers  upon  the  Bavarian  Alps  and  the  Tyrol,  and 
the  river  Isar,  which  flows  through  Munich,  gives  immediate 
access  to  the  system  of  Alpine  valleys  formerly  occupied  by 
these  glaciers.  The  famous  astronomer,  Gruithuiscn,  had 
published  at  Munich,  in  1809,  a  paper  on  the  erratic  blocks  of 
the  South  Bavarian  plain,  wherein  he  stated  that  they  had  been 
brought  from  the  neighbouring  Tyrolese  and  Bavarian  Alps. 
He  advanced  the  idea  that  glaciers  had  transported  them  to 
the  low  Alpine  levels,  and  then  the  ice-masses  in  which  the 
erratics  were  wedged  had  been  borne  northward  across  the 
plains  by  enormous  floods,  the  same  which  had  spread  the 
nagelflue  conglomerates  o»*Ck  the  sub-Alpine  Bavarian  plain. 
As  the  ice-masses  m^^^ted,  the  erratics  were  left  in  their  various 
positions.  Thi.^  was  in  substance  the  conception  adopted  by 
Karl  Schi.mpcT  several  decades  later. 


transport,  and  that  the  s(  ratchts  on  tlie  rocks  and  pel 
been  caused  by  the  friction  of  the  sand,  pebbles,  a 
fragments  during  transportation. 

Bernhardi,  Professor  in  the  Academy  of  Forestry 
sigacker,  without  any  knowledge  of  the  researches  < 
and  Charpentier,  by  his  own  insight  arrived  at  the  tru< 
of  the  problem  \Neues  Jahrb,  fur  Miner, ^  1832).     H< 
polar  ice  had  extended  to  the  southmost  edge  of  the 
plain  now  bestrewn  with  erratics,  and  that  in  the 
thousands  of  years  the  polar  ice  had  gradually  with 
its  present  reduced   dimensions   and   more  limited 
glaciation.     Before  Bernhardi,  the  Norwegian  geolo 
Esmarch,  in  1824  had  suggested  there  had  been  a  i 
extension  of  the  Norwegian  glaciers  than  now  exis 
tlie  tide  of  influence  and  authority  in  Germany  at  th< 
in  other  directions ;   an  Esmarch  or  a  Bernhardi  1 
what  they  thought,  but  there  the  matter  ended ;  non 
while  a  Von  Buch  and  a  Sefstrom  said  differently.    T 
Nils  G.  Sefstrom,  was  the  most  extreme  of  the  d 
He  taught  that  the  northern  floods  had  spread  dilu' 
Scandinavia,  Finland,  Russia,  and  Germany,  and  b 
mented  rock-material  and  big  boulders  from  the  nort 
as  far  south  as  the  foot  of  the  Alps. 

n.irinrr   tV»f»    '       ?    T 8 10-4-1.   a   brilliant    group   < 
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term  "Drift"  then  came  to  be  applied  to  the  same  deposits 
which  had  been  previously  termed  "Diluvium"  {anUy  p.  114); 
and  both  terms  are  retained  in  popular  use  as  synonyms  of  the 
more  technical  term  "  Pleistocene,"  introduced  by  Sir  Charles 
Lyell. 

A  young  Russian  geologist,  Bothlingk,  published  in  1839  a 
paper  of  exceptional  interest  descriptive  of  the  "diluvial  or 
Pleistocene  deposits  "  in  Finland  and  Lapbnd.  In  his  opinion, 
the  greater  mass  of  the  "diluvium"  had  virtually  been  de- 
p>osited  by  floods,  but  the  erratic  blocks  could  only  have  been 
transported  by  ice.  His  work  helped  to  bring  the  "Drift 
Theory  "  into  favour  on  the  Continent,  and  comparatively  few 
of  the  leading  geologists  in  Europe  at  that  time  lent  a  willing 
ear  to  the  ice  theory  of  Swiss  geologists  and  their  conception 
of  a  continuous  ice-sheet,  or  glaciers  hundreds  of  miles  long. 

The  departure  of  Agassiz  for  North  America  in  1847  took 
away  from  Europe  the  best-known  and  most  powerful  exponent 
of  glaciation,  and  a  period  of  stagnation  ensued  in  glacial 
geology. 

Seven  years  passed,  and  another  enthusiastic  glacialist  took 
the  place  of  Agassiz  in  European  literature.  Sir  Andrew 
Ramsay^  not  only  proved  the  former  glaciation  of  Scotland 
and  Wales,  but  recognised  traces  of  two  Ice  Ages  in  the  con- 
stitution of  the  breccias  and  pebble-beds  of  Malvern  and 
Abbcrley.  He  also  found  evidence  of  glacier  action  in  the 
Permian  period,  and  this  raised  anew  the  questions  of  climatic 
periodicity  and  ice  erosion.  Venetz  and  Morlot  had  been  of 
opinion  that  during  the  diluvial  epoch  all  the  greater  areas  of 

^  Andrew  Crombie  Ramsay,  lK)rn  1814,  in  Glasgow,  was  intended  for  a 
merchant's  career,  when,  on  the  publication  in  1841  of  his  excellent  treatise 
on  the  geolc^cal  formation  of  the  island  of  Arran,  De  la  Beche  secured 
him  as  assistant  for  the  geological  survey,  with  which  Department  he  was 
connected  for  forty  years,  first  as  survey  geologist,  then  as  local  director, 
and,  after  Murchison's  death  in  1871,  as  General  Director.  At  the  same 
time  he  discharged  his  duties  as  Professor  of  Geology  at  the  School  of 
Mines  in  London.  Ramsay  was  ranked  as  the  l)est  field  geologist  in  Great 
Britain.  His  principal  work  is  a  geological  description  of  North  Wales, 
which  appearea  in  two  editions  (1866,  1 881).  He  also  published  a  geo- 
logical map  of  England  and  Wales,  1859;  fifth  edition,  1881.  Besides  his 
official  duties,  Ramsay  occupied  himself  much  with  the  problems  of  physical 
geography  and  dynamical  geology.  His  Text -book  of  the  Physical  Geology 
and  Geography  of  Great  Britain  a|)peared  in  five  editions  between  1 864 
and  1878.  (Comp.  Sir  Arch.  Geikie,  Memoir  of  Sir  Andrew  Crombie 
Kamiay^  London,  1895.) 
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glaciation  had  been  repeatedly  covered  by  ice.  This  view  now 
received  more  credence,  especially  aficr  Oswald  Htcr's  rv- 
searches  on  the  palieonlology  of  the  Ice  Age  in  Switzerland 
discovered  the  presence  of  "  Inlcrglacial "  deposits  containing 
[he  fauna  and  flora  of  a  warm,  temperate  climale,  and  there- 
fore betokening  a  prolonged  interruption  of  the  polar  con- 
ditions. 

After  Ramsay's  brilliant  work  had  proved  that  almost  the 
whole  of  Great  Britain  had  been  covered  by  a  vast  ice-sbcet, 
Kjerulf  and  Otto  Torcll  demonstrated  tliat  Scandinavia  bad 
been  entirely  buried  under  an  ice-sheet  some  6000  or  70&0 
feet  thick.  In  South  Bavari^i,  topographical  conditions  led 
Captain  Stark  to  suggest  that  the  surface  of  the  plain  had  bvco 
glaciated ;  and  Zittel  in  1 874,  by  his  discovery  of  good  examples 
of  striated  rocks  and  his  determination  of  typical  end  and 
ground  moraines,  established  upon  a  scientific  basis  that  a 
great  portion  of  the  Bavarian  plain  had  been  an  ice-field 

Still,  however,  the  North  German  geologists  held  fast  lo  the 
drill  theory  of  the  eariier  decades  of  the  century.  It  is  in  t!iu 
memory  of  many  living  geologists  how  that  theory  received  its 
death-blow  in  Berlin  on  the  3rd  November  1875.  On  that 
evening,  at  a  crowded  meeting  of  the  German  Geological 
Society,  Otto  'I'orell  deUvered  a  powerful  address  on  the  course 
of  glacier  ice  from  the  central  ice-sheet  of  the  Scandinavian 
plateau  to  the  plains  and  basins  of  Northern  Europe,  and 
brought  home  to  his  Berlin  audience  with  irresistible  arguments 
that  the  erratics  on  the  North  German  plain  had  been  dis- 
persed there  by  glaciers  moving  southward.  The  deep  impres- 
sion made  by  the  eloquent  Norwegian  was  never  forgotten  ; 
the  drift  theory  collapsed,  and  the  name  of  Bernhardi  was 
recovered  from  oblivion  lo  receive  bciaied  honour  and  be 
ranked  as  that  of  an  anticipator  of  glacial  geology. 

The  German  geological  literature  was  then  rapidly  enriched 
by  papers  on  glacial  deposits.  One  of  the  most  effective  was 
contributed  by  Professor  Penck  upon  the  boulder-clay  forma- 
tion of  North  Germany  (Zdtschrift  d.  D.  G.  Ges.,  1879). 
Since  then  active  researches  have  been  continued  by  the 
Prussian  Geological  Survey  Department,  and  it  has  been 
shown  that  there  are  two  distinct  series  of  glacial  boulder-clay, 
separated  by  interglacial  layers  containing  remains  of  a  rich 
vegetation. 

Professor  Tenck   in    18S2    p'jblished   a  work    entitled    Tht 
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Gladation  of  ihe  German  A/ps,  which  has  become  a  classic  in 
:he  literature.  The  careful  inquiries  conducted  by  Alphonse 
Favre  and  Desor,  and  the  more  recent  works  of  Helm,  Du 
Pasquier,  and  Bruckner,  meantime  advanced  the  knowledge  of 
topographical  and  geological  phenomena  due  to  the  glaciation 
of  the  Swiss  Alps,  while  similar  studies  have  been  carried  on 
by  many  eminent  geologists  in  the  countries  of  Northern 
Europe.  In  Great  Britain,  Sir  Henry  Howorth,  Professor 
Hull,  and  Professor  Bonney  still  support  Lyell's  "drift 
theory " ,  the  majority  of  British  geologists,  however,  have 
accepted  the  ice  theory,  of  which  Sir  Andrew  Ramsay,  Sir 
Archibald  Geikie,  and  Professor  James  Geikie  have  been  the 
ablest  exponents. 

The  exploration  of  existing  masses  of  inland  ice  and  of  the 
glaciers  in  the  high  mountain-systems  exerted  a  stronger  fascina- 
tion for  many  than  the  study  of  the  deposits  of  the  past  Ice 
Age.  Dr.  Simony,  a  Viennese  enthusiast,  has  taken  accurate 
observations  for  more  than  forty  years  on  the  Dachstein  glacier, 
and  PfafT  has  studied  the  glaciers  of  the  Gross  Glockner,  in 
the  Austrian  Alps ;  in  Switzerland,  a  scientific  society  has  been 
founded  for  the  pursuit  of  glacier  research,  and  measurements 
on  the  Rhone  glacier  have  been  taken  for  many  years. 

Amund  Helland's  observations  on  the  comparatively  rapid 
movement  of  the  glaciers  at  Jacobshavn  surprised  European 
scientists,  whose  ideas  of  glaciers  had  been  formed  mainly  on 
the  basis  of  Alpine  glaciers.  Nordenskiold's  travels,  Fridtjof 
Nansen's  bold  crossing  of  the  Greenland  ice,  Keilhack's  and 
Von  Drygalski's  careful  physical  and  mathematical  geological 
observations  on  the  glaciers  and  ice-fields  of  Iceland  and 
Greenland,  confirmed  with  irrefutable  data  the  action  of  inland 
ice-masses  and  the  correctness  of  Torell's  explanation  of  the 
**diluvial"  phenomena  in  Northern  Europe.  The  boldness, 
the  enthusiasm,  and  the  achievements  of  these  explorers 
have  worked  inspiringly  on  the  public  mind,  and  awakened 
an  interest  in  the  scientific  aspects  of  Arctic  territories 
which  finds  an  outlet  in  the  warm  support  given  to  the 
geographical  societies  in  all  countries  and  to  the  schemes  for 
further  exploration  that  are  from  time  to  time  initiated. 

As  has  been  said,  Charpentier  recognised  the  work  of 
denudation  affected  by  glaciers,  but  much  broader  views  of  the 
erosive  power  of  ice  were  formulated  by  Gabriel  de  Mortillet  in 
several   papers  published  between  the  years  1858  and  1862. 


< 


sLudilists  miT  oe  counced  in  Great  Bnijua  such 
antbofirr  as  Sir  Ard  xi  Geikie  and  Pro: 
Gni^ie ;  in  Austria,  tr^  g  ^ognpher  and  geolog 
Penck;  in  Switzerland,  Piofessor  j^ockner;  in 
Protesor  Xansen ;  while  Xorth  America  ^  V 
was  a  warm  supporter. 

Geologists  wiio  oppose  the  extreme  Tiew  of  g 
have  pointed  oat  that  a  Tarietj  of  kxal  causes  m 
to  lakes  and  fiords^  Actual  cases  hare  been 
fiuviatik,  or  morainic  accumulations,  or  cru^ 
would  sufEciently  explain  the  form  of  the  has 
to  ice  erosion. 

Much  has  been  written  in  physics  upon  the 
movement  Of  great  importance  were  the  expc 
by  Camot  and  James  Thomson  (1S49)  on  the  1 
ice  under  strong  pressure,  and  the  lowering  oi 
point  below  o*,  as  well  as  the  discovery  madi 
(1850)  of  the  re-union  or  r^elation  of  fragmen 
moist  surfaces.  Application  of  the  principle  of 
and  regelation  to  the  phenomena  of  glaciers  was 
nhv«;irists   of    the  day,   Tyndall   (185; 


loirlinty 


DYNAMICAL  GEOLOGY.  235 

Numerous  observations  in  difTerent  areas  have  testified  to 
he  frequent  oscillations  of  the  glaciers  during  the  Ice  Age. 
The  glaciers  appeared  to  have  frequently  retired,  and  ice-fields 
o  have  diminished  in  size  as  often  as  any  amelioration  in 
:limatic  conditions  set  in.  Such  variations  may  be  observed 
n  ice-clad  regions  at  the  present  day.  And  as  the  lique- 
action  of  the  ice-masses  gives  rise  to  larger  volumes  of  water, 
he  frequent  local  floods,  of  which  evidences  are  afforded  in 
he  intercalation  of  fluvio  glacial  deposits  within  the  glacial 
ieries,  are  thought  to  have  been  associated  with  periodic 
oscillations. 

Two  main  advances  of  the  mountain  glaciers  and  of  inland 
ce  were  determined  by  Ramsay  for  the  British  Isles  and  by 
Eieer  for  the  Alps,  and  have  been  confirmed  by  Scandinavian 
ind  German  geologists  upon  the  evidence  of  the  glacial  and 
luvio-glacial  deposits  in  their  respective  countries.  In  all 
:hese  areas  a  prolonged  interlude  of  milder  climatic  conditions 
ippears  to  have  intervened  between  two  chief  epochs  of 
^laciation.  But  Professor  Penck  in  recent  papers  has  aug- 
nented  the  number  of  distinct  epochs  of  glaciation  in  the 
\lps  and  North  Germany  to  three  or  four,  thus  approaching 
:he  "five"  glacial  intervals  enumerated  by  Professor  James 
3eikie,  and  the  "seven"  by  James  Croll.  On  the  other 
:iand.  Hoist  in  Norway,  Upham  and  Wright  in  North  America, 
md  many  other  authorities  recognise  only  one  Ice  Age,  marked 
by  occasional  seasonal  or  periodic  variations  of  no  great 
significance  in  the  dimensions  of  the  glaciers  and  inland  ice. 

It  is  still  more  doubtful  whether  geologists  have  been  right 
in  supposing  that  several  Ice  Ages  occurred  during  geological 
epochs  previous  to  the  Diluvial  Age.  Ramsay,  in  1855, 
explained  certain  Permian  conglomerates  in  England  as 
iccumulations  transported  by  glacial  action,  and  Dr.  Blanford 
applied  a  similar  explanation  in  1856  to  the  "Talchir"  con- 
glomerates of  almost  the  same  geological  age  in  Central  and 
Southern  India.  It  then  became  commonly  accepted  that 
iixtensive  glaciation  had  occurred  in  the  Permian  geological 
ipoch.  Erratics  and  scratched  pebbles  have  since  been 
described  from  the  Silurian  rocks  in  the  southern  counties  of 
Scotland  by  Moore  and  James  Geikie,  and  also  in  the  Old 
Red  Sandstones  or  Devonian  rocks  of  Scotland  by  Ramsay. 

The  Miocene  conglomerates  in  the  neighbourhood  of  Turin 
were  explained  by  Ramsay,  Lyell,  and  Gastaldi  as  material 
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Iransported  by  ice,  and  a  similar  explanation  was  suggestt-d 
for  the  exotic  blocks  in  the  Alpine  and  Carpathian  "  Klysch  " 
formation.  From  lime  to  lime  examples  of  boultlt:r  and 
conglomerate  deposits  were  reported  and  were  dealt  «ilh  in 
this  way.  To  nncniion  a  few  examples:  in  1870  Sutherland 
described  breccias  with  polished  blocks  in  the  Karroo  Ucdn  of 
South  Africa,  and  in  his  explanation  of  them  as  glacial  in 
origin  he  was  supported  by  Griesbach  (1871)  and  SlaptT 
(1899);  in  Australia,  R,  D.  Oldham  explained  boulder  con- 
glomerates in  Carboniferous  and  Permian  time  as  material 
transported  and  stranded  by  Iceliergs;  Waagen  (1887)  de- 
scribed scratched  pebbles  and  polished  blocks  from  the  Salt 
Range  in  the  Punjab,  and  referred  them  to  a  Carboniferous 
Ice  Age;  Notling  more  recently  (1896)  concludes  they  belong 
to  a  Permian  Ice  Age ;  Sir  A.  Geilcie  mentioned  glacial  traces 
ill  the  Cambrian  rocks  of  Scotland,  and  Reusch  (1891)  in  tlie 
Cambrian  deposits  of  Northern  Norway.  The  conclusion 
drawn  by  James  Geikie  and  James  Croll  is  that  all  the  grater 
epochs  in  the  history  of  the  earth  have  been  marked  by  a 
series  of  glacial  and  interglacial  episodes. 

But  the  numl)er  of  geologists  who  accept  the  teaching  of 
repealed  glacialion  of  wide  territories  is  rather  decreasing  than 
increasing.  The  minute  detail  in  which  geological  maps  are 
now  being  prepared  tends  to  show  that  in  many  cases  all  these 
phenomena  of  scratched  pebbles,  and  boulders,  and  psiished 
surfaces  may  be  observed  in  the  sheared  and  brccciated  rock- 
material  occurring  along  the  planes  of  great  crust -movements. 
And  in  no  case  will  a  cautious  geolt^ist  be  willing  to  accept 
an  ice  age,  or  even  local  glacial  action,  in  a  remote  geologic^ 
epoch  as  the  explanation  of  scratched  pebbles  and  the  occur- 
rence of  exotic  boulders,  unless  he  be  in  a  position  to  investigate 
the  matter  for  himself,  or  it  can  be  conclusively  proved  to  him 
that  (here  has  been  no  history  of  crust-disturbance.  The 
attitude  of  present-day  geology  with  respect  lo  the  much 
vexed  questions  of  glacial  action  is  to  hold  an  open  mind 
towards  each  alleged  example. 

The  Pleistocene  ice-mantle  had  its  chief  distribution  in  the 
north-west  of  Europe  and  in  the  nonh-east  of  America;  but, 
with  the  exception  of  those  large  are.is  covered  by  inland  ice, 
the  evidence  of  glaciers  is  found  only  in  mountain  ranges 
which  still  possess  glaciers,  or  in  which  a  very  slight  climaiic 
depression    would  call  forth  glaciers.      Hence  the  glaciation 
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during  the  Pleistocene  Age  is  most  simply  regarded  as  repre- 
senting an  extreme  phase  of  existing  climatic  conditions. 

Charpentier  thought  at  first  that  the  glaciation  might  have 
been  due  to  the  former  greater  height  of  the  Alpine  system ; 
but  he  afterwards  modified  his  opinion  in  so  far  as  he  regarded 
an  exceptionally  high  rainfall  in  addition  to  a  low  temperature 
as  a  necessary  condition  in  the  accumulation  of  immense 
masses  of  ice.  Charpentier  argued  that  the  atmosphere  must 
have  been  loaded  with  moisture,  which  became  condensed 
over  the  high  Alpine  regions. 

Many  attempts  have  been  made  to  explain  the  Pleistocene 
climate,  sometimes  cosmic  causes,  sometimes  telluric  causes 
being  selected  as  the  more  important.  Sir  Charles  Lyell 
ascribed  the  climates  of  geological  epochs  solely  to  telluric 
influences  (an/Cj  p.  192).  He  thought  the  Ice  Age  in  Europe 
and  North  America  was  explicable  upon  some  such  assump- 
tion as  a  close  grouping  of  islands  round  the  North  Pole,  a 
heightening  of  the  continental  territories  between  70"  and  80* 
latitude,  a  submergence  of  the  temperate  zone  below  the 
ocean,  and  a  diversion  of  the  warmth-giving  Gulf  Stream. 
Escher  von  der  Linth  and  Desor  brought  forward  (1863)  in 
support  of  this  theory  their  conclusion  that  the  Sahara  had 
been  totally  submerged  during  Pleistocene  time,  and  that  the 
consequent  absence  of  the  warm  Fohn  wind  must  have  lowered 
the  temperature  of  Central  and  Southern  Europe.  It  has  since 
been  shown  by  Dove  that  the  Fohn  wind  does  not  come  from 
the  Sahara,  and  Zittel  and  other  scientific  explorers  of  the 
Sahara  have  disproved  the  old  idea  that  the  Sahara  was  under 
water  during  the  Pleistocene  age. 

The  principle  involved  in  Lycll's  theory  was  accepted  by 
Sartorius  von  Waltershausen  and  Stanislas  Meunier,  who 
assumed  a  much  greater  height  and  breadth  of  the  mountain- 
systems  as  the  chief  modifying  cause.  Meunier  showed  that 
the  accumulation  of  snow  and  ice  on  extensive  mountain 
plateaux  would  of  necessity  lower  the  temperature.  The 
Norwegian  geologist,  K.  Pettersen,  believed  that  an  Arctic 
continent  existed  between  Greenland  and  Spitzbergen  during 
the  Ice  Age. 

The  explanations  which  have  received  the  widest  recognition 
are,  however,  based  upon  cosmic  causes.  The  French  mathe- 
matician, Adhtfmar,  in  1832  contributed  a  remarkable  paper 
on   the   •* Revolution  of  the   Sea:    Periodic  Deluges."      He 
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drew  aticntion  Id  ihc  nxcotridiy  of  ttie  csA'a  aAit  raoBd 
the  tun,  and  ihc  bet  that  doHfif;  ihe  iwiiii  1  itaaoa  of  dM 
aouihcm  bcmifphcic  iftc  earth  is  in  iu  nesfctt  pniF<^'T"  to  die 
sun  (pcnbction),  while  dunng  the  wintEr  w3K»  of  the  same 
bemuphcrc  the  canh  is  at  iu  gicaicst  dittaixx  bom  the  sun 
(apheUoo).  He  then  argued,  since  the  eccenincitr  of  the 
orbil  was  nthtUe,  soinetinies  hanng  the  fnra  of  a  long 
ellipse,  soraeliinex  appronmatlng  to  a  cirde,  dunng  the  c]x)chs 
of  greater  eccerUrictljr  of  the  orfatt,  the  hemiaphent  wbtae 
winter  lalb  in  aphelion  would  undergo  a  ptocractcd  period  of 
winter  cold.  The  climate  mif  ht  be  Iberebjr  renderad  *o  severe 
that  stupendous  masses  of  ice  would  accmnnlate  near  tfae  IV)le 
in  aphelion,  and  as  3  further  consequence  the  centre  of  grasitj 
of  the  csirth  niij;t!i  be  shifted.  According  to  Adb^fliai,  the 
Conrii[       ■  -_   '■>:-  Tot  extensife  gUcuition  recur  in  each 

hcnu  ::'.j  of  10,500  years,  and  thus  call  forth 

penoaic  Ice  Ages. 

Although  Sir  John  Heischel,  Arago,  and  Humboldt  were  of 
opinion  that  the  eccentricity  of  the  earth's  orbil  could  have  but 
a  shght  influence  upon  the  chmate  of  our  planet,  Adhtmars 
theory  was  accepted  by  Julien  (i860)  and  Lc  Hon  (1S68) 
with  scarcely  any  modification.  James  CroU  treated  the 
subject  of  cosmic  causes  of  climatic  variation  in  a  memorable 
work,  Ciimale  and  Time  (1875).  He  improved  the  theory 
enunciated  by  Adhemar,  inasmuch  as  he  showed  the  depend- 
ence of  the  prevailing  winds  and  ocean -currents  upon  the 
eccentricity  of  the  earth's  orbit,  and  explained  how  masses  of 
ice  and  snow  accumulating  at  the  Pole  must,  in  virtue  of  their 
radiation  of  cold,  absorption  of  heat,  and  condensation  of 
moisture,  tend  strongly  to  reduce  the  temperature.  CroU 
supposed  that  the  inlerglacia!  periods  were  characterised  by 
the  almost  complete  withdrawal  of  the  glacier  ice,  and  by 
extensive  subaerial  disturbance  of  the  glacial  deposits.  In 
Orcat  Itritain,  Croll's  views  have  been  accepted  by  many 
geologists,  amongst  others  by  Sir  Archibald  Geikie  and  his 
lirnlher,  Professor  Geikie.  Professor  Penck  and  Professor 
Pilar  are  the  best  known  of  Croll's  adherents  on  the 
Continent. 

Sir  Charles  Lyell  took  objection  to  Croll's  theory,  mainly 
because  of  the  insufficient  geological  evidence  of  recurring 
epochs  of  glaciation ;  nor  can  this  objection  be  said  to  be  even 
yet  overcome.     Ncumayr  doubts,  on  the  one  hand,  whether 
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variations  of  eccentricity  could  afifect  climate  to  such  an  extent, 
and  on  the  other,  he  thinks  Croll*s  whole  chain  of  argument 
valueless,  since,  excellent  as  it  is,  astronomy  has  not  yet  ascer- 
tained with  any  security  that  there  have  been  periods  of  very 
great  eccentricity  of  the  orbit  Poisson  (1837)  suggested  that 
climatic  variations  might  result  from  movement  of  the  solar 
system  through  warmer  and  colder  portions  of  space;  other 
authors  have  suggested  changes  in  the  obliquity  of  the  ecliptic 
or  a  shifting  of  the  earth's  axis  as  possible  causes  of  variation, 
but  science  has  not  yet  arrived  at  any  generally  accepted 
solution  of  the  difficult  climatic  problem  of  the  Ice  Age. 

D.  Geological  Action  of  Organisms. — Scientific  research  has 
abundantly  shown  how  subtle  is  the  chemistry  of  life,  and  how 
important  and  complex  is  the  part  played  by  the  organic  world 
in  the  economy  of  nature. 

Plants  and  animals  abstract  from  the  atmosphere,  from  the 
soil  and  the  rocks,  certain  inorganic  constituents  which  enter 
into  new  chemical  combinations  in  the  active  tissues  of  the 
living  organisms,  and  are  partly  assimilated,  partly  returned  in 
altered  form  to  the  atmosphere  and  the  ground. 

Animal  creation  thus  serves  as  an  intermediary  between  the 
atmosphere  and  the  earth's  surface,  utilising  and  metabolising 
matter  derived  from  both,  and  effecting  transferences  from  the 
one  to  the  other. 

The  present  action  of  living  organisms  upon  the  earth's 
surface  is  therefore  partially  to  destroy,  partially  to  renew  and 
enrich  it;  and  similar  functions  were  fulfilled  by  living  organ- 
isms in  past  ages.  But  more  important  for  geology  than  the 
changes  effected  by  metabolism  and  mineral  decomposition 
is  the  consideration  of  the  additions  made  to  rock-deposits  by 
the  accumulation  of  organic  remains. 

The  destructive  effects  of  plant-growth  are  produced  in  virtue 
both  of  chemical  and  mechanical  agencies.  When  plants 
decay,  organic  acids  develop,  and,  as  Bischof  and  more 
recently  Julien  have  shown,  these  have  a  strong  solvent  and 
oxidising  action  upon  the  surrounding  mineral  matter.  More 
especially  when  combined  with  water  they  promote  rapid 
decomposition  of  the  rocks,  and  their  disintegrating  action, 
productive  of  soil,  may  be  traced  to  considerable  depths  below 
the  surface.  The  roots  of  plants  as  they  penetrate  downward 
through  the  rock-fissures  exert  a  certain  mechanical  force  upon 


Iinncrai  iiKULcr  uuiim  icam  ui  mc  jjwv^liiui  in 
Pcat-niossLS  occupy  wide  areas  in  the  Temper 
zones,  and  have  been  frequently  made  the  subje< 
researches.  In  1810,  Rennie  pubhshed  his  wc 
Peat-Moss^  an  able  treatise  on  the  Scottish  pea 
the  nature  and  origin  of  peat-deposits  were  aft 
dated  in  handbooks  by  Dau  (1823)  and  Wieg 
What  Rennie  achieved  for  the  Scottish  peat-ma 
for  the  Danish  and  North  German  peat-deposits 
(1841)  and  Griesebach  (1845).  These  authors  < 
first  time  the  differences  between  Sphagnum 
acteristic  of  marshes  on  mountain  slopes  and 
lying  or  lacustrine  growths  and  deposits  of  peat 
and  sedges;  and  forest-peat  or  swamps.  A  typi( 
a  forest  moss  is  the  "  Dismal  Swamp  "  in  Virgin! 
described  in  1841,  and  Lesquereux  afterwards 
more  detail. 

Modern  deep-sea  researches  have  discovered  i 
of  marine  peat;  and  according  to  the  new  in' 
Eugbne  Bertrand,  isolated  coal-beds  occur  whi 
mainly  formed  by  sea-weeds,  for  example  the  **  E 
near  Autun,  and  the  "Kerosene"  in  Austral 
coasts,  estuaries,  and  river-mouths  in  tropical 
quently  fringed  by  mangrove-trees  whose  withe 
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ing  its  physical  and  chemical  constitution,  its  palaeontology, 
geological  occurrence,  and  geographical  distribution,  was  pub* 
lished  by  C  F.  Zincken  in  1865. 

Fossil  peat-deposits  occur,  so  far  as  at  present  known,  only 
in  the  post-Tertiary  or  Quaternary  formation.  The  black- 
coal  deposits  of  the  old  formations  were  frequently  compared 
in  geological  literature  with  brown-coal,  but  the  homogeneous 
structure  and  the  rarity  of  good  plant-remains  in  black  coal, 
threw  great  doubt  upon  this  explanation  of  its  origin.  Agricola, 
in  1544,  explained  it  as  condensed  petroleum,  and  his  opinion 
still  found  favour  with  Voigt  in  his  special  work  on  Coal- 
deposits  (1802)  and  with  Buckland  (1822). 

Kirwan,  the  opponent  of  Hutton,  even  explained  coal  as  a 
product  of  the  chemical  decomposition  of  Archaean  rock,  while 
Andreas  Wagner  supposed  it  to  represent  condensed  and  de- 
oxidised carbonic  acid  derived  from  an  atmosphere  super- 
saturated with  carbon  dioxide.  Many  of  the  geologists  in  the 
eighteenth  century  upheld  the  correct  explanation ;  amongst 
others  Scheuchzer  in  1 706,  Beroldingen  in  his  work  on  Contro- 
versiai  Points  in  Mineralogy  (1778),  and  James  Hutton  in 
Great  Britain  (1785).  But  it  was  not  until  the  microscope 
was  applied  to  its  investigation  that  the  origin  of  coal  from 
{)lant-growth  in  situ  was  securely  established.  In  1848,  the 
German  botanist,  Dr.  Heinrich  Goeppert,  proved  that  the 
vascular  cryptogams  and  conifers  whose  remains  accompany 
coal- formations  had  supplied  the  material  of  the  deposit. 
His  results  were  corroborated  by  Dawson  in  1859;  but 
even  after  this  date  erroneous  conceptions  from  time  to 
time  were  advanced  with  regard  to  the  kinds  of  vegetation 
which  had  given  origin  to  the  coal-deposits.  A  decisive 
paper  on  the  subject  was  contributed  by  Giimbel  to  the 
Bavarian  Academy  of  Sciences  in  1883,  wherein  he  gave 
microscopic  sections  showing  the  fine  textures  of  the  various 
plant-remains  in  peat,  brown  coal,  black  coal,  and  anthracite. 

The  transformation  of  decayed  plant-remains  into  coal  takes 
place  under  the  fundamental  condition  of  limited  access  of 
air,  and  is  promoted  by  heat  and  pressure.  There  is  little 
doubt  that  all  three  factors  have  contributed  to  the  origin  of 
the  deposits  of  black  coal,  and  Bischof  suggested  that  the 
characteristic  chemical  and  physical  constitution  of  the 
varieties  of  coal  had  been  determined  by  definite*  relations  in 
the  amount  of  air  admitted  and  in  the  accompanying  heat  and 


ported  ihc  view  uiaiiiie  transiormaiioii  oi  uie  vc 
took  place  ///  situ,  as  in  the  case  of  the  laru'e 
peat-mosses,  and  this  is  the  common  opinion  of  \ 

In  France,  however,  the  theory  of  sedimentati 
supported.     Grand-Eury,  the  author  of  an  excell 
lished  in  1882,  upon  the  flora  of  the  Carbonifer 
of  Central  France,  came  to  the  conclusion  that  1 
had  originated  by  deposition  in  lake^epressioi 
by  woods.      Five  years   later,   the   Etudes  of 
on  the  Coal-deposits  of  Commentry  brought  for' 
chain  of  evidence  in   favour  of  sedimentatior 
Fayol  shows  how  the  pebbles,  sand,  mud,  and 
borne  in  suspension  by  rivers  subside  according  t 
and  arrange  themselves  as  independent  layers 
The  coarser  pebbles  are  deposited  near  the  shor 
a  distinct  slope,  while  the  light  plant  detritus  is 
and  deposited  almost  horizontally. 

In  accordance  with  the  amount  of  rainfall 
and  velocity  of  the  inflowing  water  vary,  likewi 
action  of  rain  and  river  water  and  the  quality  of 
So  that  the  alternation  of  conglomerate,  sandstc 
coal-seams  observed  in  most  coal-basins  finds, 
Fayol,  a  natural  explanation  upon  the  basis  oi 
decrease  of  rainfall  without  assuming  oscillatio 
level  as  has  been  done  by  the  supporters  of  tl 
theory  of  origin. 

Wt^   T  nr»r4ornnf  line   nr»f  r»nl\r  orrfTtfoH   thf»  VIPW« 
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When  the  river-water  was  low,  only  the  most  buoyant  plant 
detritus  could  be  floated  across  the  bar;  when  the  water  level 
was  high,  sand  and  pebbles  were  also  carried  into  the  basin  of 
deposit  {ante,  p  220). 

Lake-deposits  of  siliceous  earth  ("kieselguhr")  were  dis- 
covered by  Ehrenberg  in  1837  to  be  composed  of 
the  silicified  valves  or  fragments  of  valves  belonging  to 
unicellular  plants  of  microscopic  size,  the  Diatomacese. 
These  plants  exist  both  in  fresh  and  salt  water,  and  their 
remains  have  gathered  on  the  floor  both  of  inland  lakes  and 
the  ocean.  Ehrenberg  first  demonstrated  the  presence  of 
diatom  remains  in  the  ground  of  Berlin,  in  the  peat-mosses 
of  the  Liineburg  heath,  afterwards  in  samples  of  pelagic 
deposits,  and  in  the  "kieselguhr"  and  "tripoli  powder"  of 
Bilin  in  Bohemia,  Richmond  in  Virginia,  and  other  places. 
The  explorations  of  the  Challenger  Expedition  proved  that 
extensive  areas  of  the  ocean-floor  were  covered  by  the  skeletons 
and  fragmentary  debris  of  diatoms.  In  1889,  Weed  found  that 
the  separation  of  silica  from  the  hot  springs  and  geysers  of 
the  Yellowstone  Park  was  largely  accomplished  by  diatoms. 

More  important  is  the  assistance  rendered  by  certain  plants 
to  the  elaboration  of  limestone.  It  has  long  been  known  that 
the  formation  of  calcareous  tufa  is  promoted  by  the  growth  of 
moss,  rushes,  and  certain  algae.  On  the  other  hand,  it  was 
discovered  comparatively  late  in  the  history  of  research  that 
marine  limestones  sometimes  attaining  great  thicknesses  owe 
their  origin  to  algal  organisms.  Philippi  was  the  first  to 
recognise,  in  1837,  that  the  pelagic  Nullipores  previously 
regarded  as  polyps  or  Bryozoa  belonged  to  the  group  of  Cal- 
careous Algae.  The  name  of  Nullipores  was  changed  to  Litho- 
thamnia  and  Melobesia,  and  Unger  in  1858  demonstrated  the 
important  part  such  organisms  had  played  in  the  construction 
of  the  Leitha  limestone  in  the  Vienna  basin  during  the 
Miocene  period.  Two  important  works  on  the  subject  were 
contributed  and  laid  before  the  Bavarian  Academy  of  Sciences 
by  Giimbel  in  187 1  and  1872.  These  works  not  only  added 
to  the  microscopic  knowledge  of  the  skeletal  structures  of  the 
Lithothamnian  group,  but  also  proved  that  other  skeletal 
remains  widely  distributed  in  the  Alpine  limestones,  and 
which  had  l)een  referred  by  Schafhautl  to  the  Bryozoa  under 
the  name  of  Diploporcs,  agreed  with  the  structure  of  the 
Dactyl  opores. 
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Ciiarpcntier  had  previously  included  Daetylopores  amongst 
ilic  Foraminifera,  and  <hc  name  of  Foraminifcrai  limesionc 
rapidly  began  to  be  applied  to  iho  Alpine  dt;posits  in 
question,  Meunier-Chalmas,  however,  showed  in  1877  that 
the  so-called  DacCyloportis  nerc  not  Foiaminifera  and  did  not 
belong  to  the  animal  kingdom  at  all,  but  were  Calcareous  Algsc. 
In  view  of  Giimbel's  results,  these  algal  organisms,  undi-r 
the  new  name  of  Gyroporella,  were  raised  to  a  place  of  the 
first  imponance  in  the  history  of  Alpine  rock-building,  since 
their  aggregated  remains  form  a  very  great  portion  of  the 
enormous  thickness  of  limestone  and  dolomite  which  adorn 
the  Eastern  Alps. 

In  his  work  on  Chemical  Geology,  Bischof  had  expressed 
his  opinion  that  the  thick  deposits  of  marine  limestone  occur- 
ring in  the  geological  formations  had  been  formed  by  pelagic 
faunas  which  derived  the  calcareous  substance  from  the  calcium 
carbonate  in  sea-water.  Volger  in  1857  showed  that  the 
source  of  the  lime  was  for  the  most  part  not  the  very  small 
proportion  of  lime  carbonate  dissolved  in  seawaler,  but  the 
gypsum  or  lime  sulphate.  Recent  researches  support  Volger's 
results,  and  enter  in  more  detail  into  the  chemical  processes 
by  which  the  animal  tissues  are  enabled  to  assimilate  the  limt- 
as  a  carbonate,  and  to  throw  off  the  sulphur  in  chemical  com- 
binations with  waste  products,  more  especially  ammonia. 

The  "  tests  "  or  "  casings  "  of  pelagic  Foraminifera  arc  some- 
times calcareous,  sometimes  arenaceous,  and  are  sometimes 
imperforate  (e.g.  Miliolina,  Orbitoliies),  sometimes  provided 
with  a  number  of  small  apertures  or  foramina  {e.g.  N'odosaria, 
Globigcrina,  Rotalia). 

D'Orbigny  in  1825  examined  both  recent  and  fossil  speci- 
mens of  Foraminifera,  and  misled  by  the  elalwrate  appear.ince 
of  the  shells,  he  placed  them  in  affinity  with  the  Nautiloid 
group  of  Molluscs,  but  since  then  the  microscopic  study  of  Fora- 
minifera and  the  extended  means  of  comparison  with  related 
forms  of  lowly  animal  life  have  shown  this  group  to  belong  to 
the  Piolozoa  (,S'«/'r/.  Reliadaria,  Carp.);  from  geological,  gco 
graphical,  and  zoological  sides  of  research,  abundant  evidenci: 
has  been  given  of  the  pre-eminence  of  testaceous  material  in 
pelagic  deposits. 

As  early  as  1839,  Ehrenbcrg  proved  that  chalk  rocks  were 
composed  of  fossil  Foraminifera,  and  demonstrated  a  similar 
aggKgaiion  of  minute  calcareous  shells  belonging  to  recent 
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Foraminifera  in  certain  fresh  samples  of  ocean  deposit  But 
it  was  not  until  187 1,  by  means  of  the  Challenger  Expedition, 
that  any  approximate  estimate  of  the  composition  of  typical 
pelagic  oozes  could  be  formed.  The  report  by  Murray  and 
Renard  (i  891)  on  deep-sea  deposits  discloses  the  great  import- 
ance of  Globigerina  ooze,  which  covers  the  floor,  more  espe- 
cially of  the  central  portions,  of  the  Pacific  Ocean,  and  is 
found  at  depths  as  great  as  2,600  fathoms.  It  is  more  widely 
distributed  than  any  of  the  other  organic  ocean  muds,  the 
Pteropod  calcareous  ooze,  the  siliceous  ooze  composed  of 
diatomaceous  material,  or  the  Radiolarian  siliceous  ooze  which 
is  limited  to  very  great  depths  of  the  ocean-floor.  Littoral 
deposits  are  more  mixed  in  character,  usually  comprising 
Molluscan,  Bryozoan,  and  Echinoderman  remains,  although 
occasionally  beds  of  individual  types  occur.  Recent  littoral 
deposits,  on  account  of  their  more  accessible  position  and  the 
larger  size  of  the  faunas,  have  long  been  familiar  to  scientific 
observers,  and  were  the  flrst  to  be  compared  with  fossil  faunas 
in  the  rocks. 

The  activity  of  reef-building  coral  zoophytes  has  been  one 
of  the  most  interesting  themes  in  modern  scientific  research. 
The  red  coral  of  the  Mediterranean  Sea  was  highly  prized  by 
the  nations  of  antiquity  for  its  beauty,  and  has  always  been  an 
article  of  commercial  importance.  The  first  mention  of  the 
coral  growths  in  the  Red  Sea  was  by  the  Portuguese  writer, 
Don  Juan  de  Castro;  in  16 16,  Pyrard  described  the  coral 
atolls  of  the  Maldive  Islands ;  and  in  1 742,  Peter  Forskiil  by 
a  series  of  investigations  on  coral  reefs  determined  that  the 
calcareous  material  for  their  construction  was  separated  from 
sea- water  by  a  small  sedentary  polyp.  The  closer  study  of 
the  coral  animal  has  shown  it  to  be  an  ally  of  the  Sea- 
Anemone  or  Actinian  polyp,  from  which  it  is  distinguished  by 
its  habit  of  growing  as  colonies,  and  of  building  up  calcareous 
skeletal  supports  for  the  soft  fleshy  parts. 

Geology  has  contributed  a  vast  store  of  information  about 
the  skeletal  structures  of  reef-building  corals  in  past  geological 
epochs,  and  at  the  present  day  few  questions  are  of  such 
common  interest  to  the  various  branches  of  natural  science  as 
those  concerning  corals — the  determination  of  the  present 
geographical  distribution  of  coral  reefs,  the  climatic  and 
physical  conditions  of  growth,  the  chemical  transformations 
undergone  by  the  skeletal  structures  after  withdrawal  of  the 
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polyp,  tlie  thicknesses  and  arcnl  dlmeniiioiis  attained  in  virtue 
of  the  continued  upward  growth  and  seaward  extension  of  the 
reef,  and  the  proportion  of  coral  formations  in  the  limestone 
and  dolomite  rocks  of  the  Alps  and  Other  regions. 

Kcinhold  Forster,  who  accompanied  Captain  Cook  on  his 
voyage  round  the  world  in  1778,  expressed  the  view  that  llie 
formation  of  coral  reefs  was  limited  to  the  seas  of  w.-irni 
climates,  and  wrote  as  follows  regarding  the  mode  of  construc- 
tion ;^"  The  reef  is  built  up  by  the  lithophyte  worms  from  the 
ocean-floor  until  it  comes  within  a  very  small  distance  of  the 
surface  of  the  ocean.  The  waves  wash  against  this  newly-built 
wall  all  kinds  of  debris,  mussel  shells,  fronds  of  sea-weed, 
fragments  of  coral,  sand,  and  other  material,  so  that  tl^  suh- 
marine  coral  wall  gradually  increases  in  height,  and  begins  to 
i;e  seen  above  the  surface." 

The  circular  form  of  atoll  reefs  is  explained  by  Forster  as 
the  result  of  a  continued  effort  on  the  part  of  coral  polyps  to 
erect  a  wall  protecting  them  from  dominating  winds,  jamos 
Cook  added  a  number  of  observations  on  reef-growlh,  supple- 
mentary to  those  of  Forster ;  and  John  Barrow  in  i8o6  mode 
the  first  attempt  to  determine  the  thickness  of  coral  rock  on 
an  island.  Flinders  prepared  in  iSoi  a  map  of  the  reefs  off 
the  Austrnli.'in  coast,  and  in  1814  published  an  important 
cartographical  work,  in  which  he  agreed  with  I'orster's  views 
on  reef-growth.  P^ron  in  1816  enumerated  245  islands  of 
reef-coral,  and  determined  their  geographical  position  between 
34°  north  and  south  latitude. 

Valuable  observations  were  made  on  the  conditions  favour- 
able for  the  growth  of  reef  structures  by  Chamisso  and  Esch- 
holz,  who  accompanied  Kotiiebue's  voyage  of  exploration 
(1814-18)  in  the  southern  seas.  Adalbert  von  Cliamisso, 
during  a  prolonged  sojourn  on  an  atoll  of  the  Radack  grouj), 
took  accurate  measurements,  upon  the  ba^is  of  which  he  after- 
wards subdivided  coral  reefs  into  three  classes,  coastal  reef>, 
inland  groups,  and  atolls.  Atolls  were  described  as  circular  or 
ring  islands,  rising  like  table  mountains  from  the  ocean  depths 
and  only  showing  a  narrow  edge  above  the  water.  Chamisso 
distinguished  very  emphatically  the  higher  side  of  a  reef 
directed  towards  the  prevailing  wind  from  the  lower  protected 
side,  which  is  frcjuently  interrupted,  and  through  which  a 
channel  leads  into  the  central  lagoon  of  the  island. 

lia  doubted  whether  the  calcareous  rock- mate  rial  of  tliu  reef 
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represented  coral  structures  in  their  actual  original  position, 
and  inclined  rather  to  regard  it  as  a  stratified  accumulation  of 
coral  debris^  embedding  sometimes  larger  masses  of  coral 
colonial  growths.  Chamisso  followed  Forstcr  in  supposing 
that  the  coral  reefs  began  to  take  shape  on  the  ocean-floor  at 
considerable  depths,  and  their  own  continued  growth  brought 
them  ultimately  up  to  the  surface.  At  the  same  time,  from  the 
distribution  of  coral  islands,  Chamisso  thought  it  probable 
that  corals  settled  upon  submarine  ridges.  Eschholz  associ- 
ated the  form  of  the  coral  islands  with  the  pre-existing  form  of 
submarine  mountains,  whose  summits  they  crown.  He  ex- 
plained the  origin  of  atolls  on  the  assumption  that  when  a  reef 
has  arrived  at  considerable  dimensions  the  corals  flourish  best 
on  the  outer  edge  under  the  constant  wash  of  the  breakers 
and  surf,  and  the  reef  tends  therefore  to  increase  more  rapidly 
there ;  the  lagoon,  which  is  seldom  over  30  fathoms  deep,  in 
the  opinion  of  Eschholz,  arises  from  the  decrease  and  even 
cessation  of  coral  growth  in  the  middle  of  the  reef,  where  the 
refuse  of  molluscan  shells  and  coral  fragments  accumulates 
and  militates  against  the  proper  nourishment  of  the  corals. 

Immediately  following  the  results  of  the  Kotzebue  Expedi- 
tion, those  of  the  Freycinet  Expedition  in  the  years  1818-20 
became  known.  Quoy  and  Gaimard  published  their  observa- 
tions on  the  mode  of  life  of  reef-corals  in  the  Annales  des 
Sciences  naturelles  in  1825.  They  never  found  living  reef- 
corals  in  greater  depths  than  25-30  feet,  and  therefore  con- 
cluded that  these  polyps  could  only  exist  in  shallow  and  warm 
water,  and  preferentially  in  protected  bays  little  affected  by 
storms.  Judging  also  from  the  small  thickness  of  the  raised 
coral  limestones  at  Timor,  He  de-France,  New  Guinea,  and 
the  Sandwich  Isles,  they  argued  that  coral  reefs  could  never 
be  very  thick.  In  confirmation  of  this  result  they  mentioned 
how  frequently  coral  reefs  occur  in  a  direction  continuing 
that  of  the  mountain-chains  on  land,  while  the  massive  reefs 
are  limited  to  submarine  platforms  sloping  gently  from  the 
shore. 

Henrik  Steffens  in  1822  suggested  that  coral  atolls  formed 
on  the  summit  of  submarine  volcanoes  around  the  crater  of 
eruption,  which  was  afterwards  occupied  by  the  central  lagoon 
of  the  reef.  The  same  hypothesis  was  advanced  indepen- 
dently by  Quoy  and  Gaimard,  and  during  the  Duperry  Expedi- 
tion of  1828  was  more  closely  investigated  and  accepted  by 
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Lesson  and  GarnoL  The  English  navigalor,  Caplain  Borchcy, 
look  a  number  of  soundings  round  the  edges  of  coral  lecfc. 
and  aljp  arrived  at  the  conviction  that  they  were  based  ujioa 
Eubmanne  mountains,  whose  summits  were  never  covered  i>y 
more  than  400-500  feet  of  water. 

Tlie  considerable  size  of  many  atolls  made  it  seem  some- 
what improbable  that  they  had  been  erected  upon  isolated 
volcanoes,  and  this  theory  was  opposed  by  Ainsworth  in  1831, 
He  thought  that,  in  addition  to  (he  coral  polyps  in  shallow 
waters,  there  might  be  certain  species  whose  habitat  was  at 
greater  depths.  In  explanation  of  the  higher  edge  on  the 
windward  side  of  an  atoll,  he  called  oceanic  currents  to  hii 
assistance,  and  thought  they  compelled  the  polyps  to  build 
verlically,  whereas  on  the  leeward  side  nothing  prevented  iheno 
from  extending  the  reef  in  horizontal  direction.  Charles  LyeU 
was  favourably  inclined  to  the  theory  of  a.  volcanic  basis,  but 
also  stated  in  the  first  edition  of  the  Principles  that  the 
inequality  in  the  height  of  the  atoll  edges  might  be  due  to 
local  variation  of  level,  more  particularly  to  local  subsidences 
after  earthquakes. 

'J'he  famous  memoir  by  lihrenberg,  "  On  the  Structure  and 
lorm  of  the  Coral  Growths  in  the  Red  Sea,"  published  in  1834 
in  \\\t:  Abhandlungen  of  the  Berlin  Academy,  represented  the 
result  of  eighteen  months'  study  in  the  [)arlicular  localities. 
The  treatise  begins  with  an  exhaustive  historical  account  of 
the  previous  literature  on  reef-building  corals  and  reef-forms, 
Ehrenberg  then  describes  tlie  form  of  the  reefs  in  (he  Red  Sea 
as  ribbon-like  submarine  banks  extending  parallel  with  the 
coast-line,  based  upan  gentle  beach-slopes,  and  having  their 
water  surfaces  about  ^-2  fathoms  beiow  the  water-level  at  high 
tide.  There  are  no  exposed  reef-surfaces  in  the  Red  Sea,  and 
the  outer  side  of  the  reef  has  a  sleep  cliff  edge  descending 
rapidly  into  greater  depths.  'I"he  rock  underlying  the  reefs  is 
either  a  porous  limestone  or  volcanic  material ;  the  coral  lime- 
stone itself  forms  only  a  thin  surface  layer  about  ij  fathoms  thick 
upon  the  b.isal  rock.  1  lence  Ehrenberg  regards  the  corals  not 
as  the  builders  of  new  islands,  but  only  as  the  preservers  of 
islands  already  existing. 

The  German  zoologist  agrees  with  Quoy  and  Gaimard  on 
one  of  the  leading  points  of  controversy,  namely,  the  small 
thickness  of  coral  structures,  and  confirms  their  conclusion 
that  the  polyps  can  only  exist  in  warm  water  not  more  than  six 
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fathoms  in  depth.  He  accepts  also  the  theory  of  a  volcanic 
basis  as  the  best  explanation  of  atolls.  The  accuracy  and 
completeness  of  Ehrenberg's  researches  in  the  Red  Sea  have 
been  since  confirmed  by  some  of  the  best  German  auttiorities 
on  coral  life — Haeckel,  Kiunzinger,  Walther. 

The  reefs  of  the  Bermuda  Islands  were  described  by  Nelson 
in  1837,  and  this  author  demonstrates  reef-growth  upon  a  rock- 
basis  neither  volcanic  nor  even  firm  and  compact;  in  his 
conclusions  regarding  the  origin  of  atolls  he  supports  Ains- 
worth's  views. 

One  of  the  most  attractive  books  of  the  nineteenth  century 
was  undoubtedly  Charles  Darwin's  great  work,  The  Structure 
and  Distribution  of  Coral  Reejsy  published  in  1842.  Ehren- 
berg's  work  had  paved  the  way  for  broader  conceptions  about 
coral  reefs;  in  it  the  barrier  reef,  which  had  in  the  older  litera- 
ture been  kept  in  the  background  by  the  more  aggressive 
features  of  the  atoll,  for  the  first  time  received  its  meed  of 
attention.  The  balance  of  scientific  knowledge  regarding  the 
barrier  and  the  atoll  was  now  fairly  equal,  and  Charles  Lyell's 
indication  of  possible  modifications  that  might  ensue  in  the 
reef-form  under  the  influence  of  differential  crust-movements 
also  lay  oi>en  in  the  recent  literature  when  Darwin's  master- 
mind came  to  the  formidable  task  of  considering  all  the  known 
data  and  constructing  a  scientific  generalisation. 

Charles  Darwin,  while  a  member  of  the  Beagle  Expedition 
between  1832  and  1834,  examined  a  large  number  of  coral 
reefs,  atolls,  and  volcanic  islands  in  the  Pacific  Ocean,  and 
described  them  with  remarkable  method  and  clearness.  He 
classified  coral  structures  in  three  groups,  now  universally 
accepted — atolls  or  lagoon  reefs,  barrier  reefs,  and  fringing 
reefs.  This  special  work  contains  a  map  of  the  geographical 
distribution  of  the  coral  reefs,  and  enriches  our  knowledge  by 
a  wealth  of  new  observations  on  the  mode  of  life  of  the  corals, 
as  well  as  on  the  relative  part  taken  by  the  various  coral  types 
in  the  construction  of  the  reefs. 

Darwin  confirmed  the  fact  that  reef-corals  only  live  at  small 
depths  and  in  tropical  areas,  and  proposed  upon  the  basis  of 
crust  subsidence  an  ingenious  theory  of  reef-growth  which 
connected  the  three  chief  varieties  of  reefs  by  intermediate 
stages.  Darwin's  theory  assumes  that  every  atoll  reef  was 
originally  the  fringing  reef  of  some  island,  but  owing  to  the 
subsidence  of  the  ocean-floor,  the  fringing  reef  was  gradually 
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converted  into  a  barrier  reef,  and  finally,  by  continued  subd- 
dence  of  the  floor,  passed  into  the  form  of  nn  attill.  The 
essential  feature  h  a  certain  reciprocity  bol"-.  ■  n  ■'■.  ';l.ir 

movement  of  subsidence  and  the  vertical  i>r  '.■.  ■     ■  \U 

of  the  reef.     Darwin  brings  Ihe  movemtm-  if 

subsidence  in  the  Pacific  Ocean  into  correlation  with  the 
volcanic  phenomena  so  widely  extended  in  that  ocean.  Where 
fringing;  reefs  still  occur,  he  supposes  that  instead  of  subsidence, 
local  elevation  is  taking  place.  The  presence  of  barrier  reefs 
and  atolls,  on  the  contrary,  indicates  a  submergence  of  islands 
and  a  subsidence  of  the  aea-floor. 

The  distinguished  American  geologist  and  zoologist,  Dana, 
liad  abundant  opportunity  during  the  Wilkes  Expedition 
(1839-41)  of  investigating  coral  reefs,  and  he  accepted  Darwin's 
theory  on  all  the  essential  points.  The  apparent  naturalness 
of  Darwin's  theory  recommended  it  to  all,  and  in  i860  it 
seemed  to  find  striking  confirmation  from  the  geological  side. 
In  that  year  Ferdinand  von  Richthofen  published  his  account 
of  the  geology  of  I'rudazzo,  St.  Cassian,  and  adjacent  localities 
in  the  South  Tyrol  Dolomites.  He  described  tht  limited 
local  occurrence  of  doloniiie  or  dolomite  limestone  cli/rs,  in 
many  places  2000-3000  feet  thick,  and  the  varying  age  of  the 
sedimentary  deposits  at  the  base  of  the  cliffs.  These  were 
sometimes  the  tufaceous  Wengen  strata,  sometimes  richly 
fossiliferous  Cassian  marls,  sometimes  the  older  dolomite  rocks 
(Afr/ri/a/a  Dolomite),  sometimes  volcanic  lavas.  Von  Richt- 
hofen suggested  that  the  variation  in  the  age  of  the  de[>osits  at 
the  base  of  the  calcareous  or  dolomite  cliffs,  as  well  as  the 
great  inequality  in  the  dimensions  of  the  cliffs,  might  be 
explained  in  the  sense  of  Darwin's  theory  on  the  supposition 
that  the  cliffs  represented  coral  reefs  whose  growth  had  in- 
creased during  a  prolonged  epoch  of  subsidence  of  the  sea- 
floor,  and  had  spread  over  deposits  of  different  ages  at  tiie 
base.  Mojsisovics,  in  conjunction  with  other  members  of  the 
Austrian  Survey,  afterwards  examined  the  area  in  greater 
detail,  and  in  1879  published  his  work.  Tin  DohnniU  Rtcfs  of 
South  Tyrol,  in  which  he  confirmed  Kichthofen's  suggestion 
that  the  cliffs  were  fossil  coral  reefs,  but  declared  the  growth  of 
the  reefs  to  have  been  contemporaneous  with  the  sedimentation 
of  the  earthy  and  volcanic  rocks  in  the  neighbourhood. 

GiinilKl,  however,  proved  the  frequent  occurrence  of  species 
"'i^roporella,  or  sea-algfe,  in  the  dolomite  rocks  of  South  Tyrol, 
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and  for  this  and  other  reasons  he  regarded  them  as  in  the 
main  algal  accumulations.  Lepsius  also  thought  there  were 
no  sufficient  stratigraphical  grounds  for  regarding  the  dolomite 
rocks  of  South  Tyrol  as  other  than  a  marine  deposit.  But  the 
coral-reef  theory  of  origin  had  very  numerous  adherents,  and 
became  a  popular  explanation  for  isolated  limestone  occur- 
rences; for  example,  Oswald  Heer  wrote  of  fossil  atolls  and 
barrier  reefs  in  the  Swiss  Jura  mountains,  and  Dupont  described 
fossil  atolls  in  Belgium  preserved  in  Devonian  rocks. 

Recent  researches  in  the  Dolomites  represent  the  occur- 
rence of  coral  reefs  only  in  insignificant  thicknesses  seldom 
exceeding  150  feet,  sometimes  intercalated  in  the  marly  volcanic 
rocks,  and  sometimes  in  the  calcareo-dolomitic  rocks. 

Several  zoologists  contested  Darwin's  theory — Wilkes  in 
1849,  Ross  in  1855,  the  German  geologist  Semper  in  1863, 
upon  the  evidence  of  his  exploration  of  the  Pclew  or  Palaos 
Islands.  He  found  there  all  the  varieties  of  reef-growth  in 
immediatQ^  proximity  to  one  another,  and  older  coral  rocks 
were  present  upon  the  dry  land.  Hence  an  explanation  based 
upon  subsidence  seemed  inapplicable.  Semper  formed  the 
opinion  that  the  tidal  conditions,  the  breakers,  and  ocean- 
currents  were  the  chief  influences  which  determined  the 
jKirticular  mode  of  growth  of  a  coral  reef. 

Similarly,  Louis  Agassiz  (185 1)  and  a  number  of  American 
geologists  had  studied  the  coral  formations  of  Florida  and 
Tortuga,  and  could  find  no  evidence  of  subsidence  of  the  sea 
bottom  on  which  the  reefs  were  growing.  These  reefs  have 
now  undergone  thorough  investigation  by  Professor  Alexander 
Agassiz,  the  son  of  the  famous  glacialist  and  geologist,  and  the 
conclusion  arrived  at  by  him  is  that  the  reefs  are  growing  upon 
a  submarine  plateau  formed  by  the  accumulation  of  mud, 
sand,  and  organic  remains.  The  prevailing  winds  and  marine 
currents  constantly  bring  new  material  towards  the  plateau,  and 
as  the  latter  continues  to  increase  the  corals  are  enabled  to 
keep  within  reach  of  fresh  food-supplies.  The  whole  thickness 
of  the  Florida  reefs,  including  both  the  coral  limestone  and  the 
submarine  shelf  of  deposit,  was  determined  by  borings  to 
be  about  50  feet  Agassiz  is  of  opinion  that  the  reefs  of 
Cuba,  Bermuda,  and  Bahama,  and  also  the  Great  Barrier  Reef 
of  North  Australia,  may  be  explained  in  the  same  way  as  the 
Florida  reefs. 

Rein  published  in  1870  the  result  of  observations  made  on 
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the  Bermuda  reefs.  He  found  only  evidences  of  elevation, 
and  came  to  the  conclusion  that  coral  reefs  could  be  formed 
wherever  the  fundamental  conditions  for  llie  existence  of  the 
polyps  were  suiisfied,  and  a  firm  basis  of  support  was  present; 
and  it  was  quite  IndifTerent  wliether'  the  basis  was  a  suljmetged 
coast,  a  submarine  plateau  of  elevation,  or  a  submarine  volcano. 
Sir  John  Murray  arrived  at  similar  conclusions  (Proc.  Roy.  Stv. 
Edin.,  1880),  He  does  nofacctpt  the  hypothesis  that  the 
atolls  and  btirrier  reefs  of  the  Pacific  Ocean  are  built  iipou 
a  submerged  continent,  but  believes  the  coral  polyps  settle 
upon  isolated  volcanoes  which  still  are  partly  above  the  water, 
but  have  been  in  some  parts  abraded  to  the  limit  of  the 
mechanical  activity  of  the  waves ;  and  he  correlates  the  different 
forms  of  the  reefs  with  conditions  of  nourishment  and  processes 
of  erosion  and  corrosion.  Murray's  explanation  of  lagoon 
reefs  is  that  on  the  windward  side  the  existence  of  the  coral 
colonies  is  more  prosperous,  and  the  reef  grows  more  quickly 
than  on  the  leeivard  side,  whose  position  is  less  advantageous 
for  the  constant  renewal  of  food  supplies.  The  polyps  on  that 
side  die,  and  the  reef  passes  through  processes  of  decay;  the 
excavation  of  the  saucer-shaped  lagoon  is  due  to  the  corrosion 
of  the  reef  limestone  by  sea-water  strongly  impregnated  with 
carbonic  acid,  and  also  to  the  erosive  activity  of  the  high  tides. 

Another  important  point  in  which  Murray  differs  from  the 
results  attained  by  Darwin  and  Dana  is  the  thickness  of  coral 
reefs.  He  shows  from  numerous  soundings  taken  along  the 
outer  edge  of  atolls  and  barriers,  that  the  reef-wall  is  precipitous 
only  to  a  depth  of  about  200  feet;  below  that  there  is  a  talus 
slope  occupied  by  broken  blocks  of  coral  limestone  to  depths 
of  about  1000  feet;  and  fr.igmenls  of  volcanic  material  bt-Hin 
to  occur  at  still  greater  dejtths. 

In  the  Salomon  Isles  Guppy  found  older  coral  reefs  that 
had  been  elevated  to  heights  of  more  than  900  feet,  but  the 
reefs  were  not  more  than  130  feet  thick. 

In  general,  it  may  be  said  that  most  scientific  authorities  on 
coral  reefs  at  the  present  day  no  longer  accept  Darwin's  theory 
of  widespread  subsidence  as  ap|)licaiile  to  the  American  and 
Australian  reefs,  or  to  those  of  the  Red  Sea.  On  the  oiiier 
hand,  subsidence  seems  to  be  the  most  satisfactory  explanation 
of  many  atolls  in  the  Pacific  Ocean,  Clearly  the  critical  lest 
for  subsidence  is  the  thickness  of  a  reef.  The  borings  under- 
taken  at  the  Ellice  Isles,  under  the  guidance  of  Professor  buUas 
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in  1896,  had  unfortunately  to  be  given  up  on  account  of  disasters 
to  the  instruments.  The  expedition  sent  out  from  Sydney 
University  to  the  Funafuti  Atoll  under  Professor  Davis  in  1897 
was  more  successful,  and  the  preliminary  reports  state  that  the 
borer  passed  through  643  feet  of  reef  limestone  without  reaching 
the  fundamental  rock.  But  until  the  bore  samples  have  been 
examined  microscopically  no  opinion  can  be  formed  regarding 
the  true  nature  of  the  limestone.  Professor  Agassiz  visited  the 
Fiji  group  in  1897,  and  observed  massive  coral  reefs  more  than 
600  feet  thick  in  several  of  the  islands.  As  these  reefs  had  been 
elevated,  Agassiz  points  out  that  the  Pacific  Ocean  in  the 
vicinity  of  the  Fiji  Isles  cannot  be  at  present  undergoing  the 
movement  of  subsidence  assumed  by  Darwin  and  Dana,  but 
rather  a  movement  of  elevation,  although  these  massive  coral 
reefs  must  have  been  formed  during  some  foregoing  period  of 
subsidence. 

Some  of  the  most  remarkable  products  of  organic  activity 
are  the  hydrocarbon  compounds  which,  in  the  form  of  asphalt, 
naphtha,  petroleum,  impregnate  sedimentary  rocks  belonging 
to  different  geological  ages.  Fluid  petroleum  is  usually 
accompanied  by  greater  or  less  quantities  of  inflammable  gases, 
while  these  may  be  absent  in  the  rocks  impregnated  with 
asphalt  or  other  solid  bitumen.  Petroleum  and  naphtha 
occur  exclusively  in  deposits  from  salt-water,  and  very 
commonly  in  loose  sandy  strata  or  in  porous  dolomitic  and 
calcareous  rocks  where  these  repose  upon,  and  are  succeeded 
by,  impervious  shales. 

In  Pennsylvania,  Ohio,  and  Indiana,  certain  horizons  of 
the  Silurian  and  Devonian  formations  contain  enormous 
quantities  of  petroleum  and  inflammable  gases ;  the  naphtha  and 
petroleum  wells  at  Baku  on  the  Caspian  Sea,  and  at  Grosny  on 
the  north  side  of  the  Caucasus,  are  apparently  inexhaustible ; 
and  in  Further  India  the  so-called  Rangoon  oil  has  been 
found  in  quantity.  The  Caspian,  Caucasian,  Roumanian 
and  Galician  petroleum  occurs  in  sandy  strata  of  Oligocene 
age;  both  here  and  in  Pennsylvania  the  oil  is  always  in 
greatest  abundance  at  the  crests  of  crust  anticlines. 

During  the  last  forty  years  geologists  have  rapidly  advanced 
our  knowledge  of  the  occurrences  of  these  natural  oils,  but  it 
has  been  less  easy  to  explain  the  process  of  their  manufacture 
in  nature  over  extensive  areas.  Berthelot,  the  chemist, 
suggested  (1866)  that  they  were  produced  when  water  with 
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carbonic  acid  m  solution  came  in  contact  with  the  alkali 
metals.  Mendelejeff  likewise  believes  in  the  action  of 
subterranean  water  upon  cerlain  iron  ores  and  metallic  carbides 
at  high  temperatures.  But  Ihese  theories  have  not  been 
accepted  by  geologists,  as  they  are  not  in  harmony  with  the 
occurrences  of  the  oil  All  other  hypotheses  consider  tho 
decay  of  organic  substance  essential  to  the  production  of 
the  series  of  mineral  oils.  Bischof  in  his  Chemical  Geologjr 
derives  asphalt  and  petroleum  from  the  slow  decay  of 
vegetable  mailer,  an  explanation  which  he  bases  upon  the 
frequent  occurrence  of  marsh-gas  in  peat^mosses.  Qurnstrdt 
thinks  the  impregnating  oil  in  the  Swabian  shales  has  been 
originated  by  the  decomposition  of  fishes  and  other  animal 
organisms  interred  in  the  shales.  N  ■imibr  (■\;>hii:!tint  i( 
given  by  Sterry  Hunt  for  the  petrol,  i  r  .-■-■■  N.  ■  ■■.  ^  ■  .■  m, 
While  Quenstedt  and  Hunt  regard  the  oil  as  produced  in  sHu 
in  the  strata  containing  the  decaying  organisms,  many 
geologists  hold  the  opinion  that  the  hydro-carbonaceous 
products  of  decay  collect  in  the  straligraphical  horizons  above 
those  which  actually  contain  the  decaying  material. 

Engler  tried  experimentally  to  distil  fish-train  oils  ;  under  a 
pressure  of  to  to  2$  atmospheres,  and  at  a  temperature  of 
365°  to  420',  a  distillate  is  procured  which  approaches  the 
characters  of  tho  natural  Pennsylvanian  petroleum,  and,  as 
Heusler  has  shown,  after  treatment  with  aluminium  chloride, 
is  identical  with  it. 

Ochsenius  argues  that  the  mineral  oils  have  been  prepared  pre- 
eminently in  shallow  estuaries  where  animal  remains  and  a.\e^x 
have  undergone  decomposition  in  salt-water  containing  a  rich 
supply  of  chlorides,  more  particularly  magnesium  chloride. 

It  has  been  observed  by  Andrussow,  Natterer,  and  Barrois, 
that  petroleum  in  minute  quantity  bubbles  up  to  the  surface  of 
the  water  and  mud  in  the  Kara  Hoghaz  on  the  shores  of  the 
Caspian  Sea,  in  Bitter  Lakes  of  the  Isthmus  of  Suez,  and 
in  the  desiccating  saline  basins  of  Brittany,  all  of  these  l>eing 
localities  where  considerable  accumulations  of  animal  remains 
and  plant  detritus  collect. 

E-  Vol(aitoes.~1\\a  controversy  between  Neptunists  and 
Volcanisis,  which  bad  still  continued  keenly  in  (Jtrmany 
during  the  eariy  years  of  the  nineteenth  century,  relaxed 
aflcr  the  desertion  of  Alexander  von  Humboldt  and  Leopold 
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von  Buch  from  the  ranks  of  extreme  Wernerians.  Nowhere 
was  the  re-action  in  favour  of  accurate  investigation  of  vol- 
canoes keener  than  in  Germany,  where  Werner's  remarkable 
influence  had  so  long  retarded  progress  in  this  important 
branch  of  teaching.  Von  Humboldt's  works  (p.  66)  gave 
the  first  broad  conceptions  of  the  arrangement  and  distribution 
of  volcanoes  on  the  earth's  surface.  From  the  characteristic 
arrangement  of  volcanoes  either  as  groups  or  in  long  series, 
from  their  occurrence  in  all  parts  of  the  globe,  and  from  their 
frequent  association  with  earthquakes,  Humboldt  concluded 
that  the  cause  of  volcanic  phenomena  could  not  be  local, 
but  must  bear  some  relation  to  the  constitution  of  the  earth's 
interior.  The  serial  arrangement  of  volcanoes  led  him  to 
believe  that  the  volcanic  vents  were  disposed  upon  crust- 
fractures  which  extended  to  very  great  depths. 

Leopold  von  Buch's  visit  to  Auvergne  in  1802  convinced 
this  geologist  that  the  volcanic  phenomena  of  that  neigh- 
bourhood could  only  have  been  produced  by  some  general 
cause  associated  with  the  earth's  internal  heat.  It  was  on 
this  occasion  also  that  Leopold  von  Buch  formed  his  first 
crude  conception  of  the  theory  which,  under  the  name  of 
"Elevation-Crater"  theory,  was  destined  to  become  notorious 
in  geological  controversy  of  the  nineteenth  century.  At  this 
time,  however,  Buch  merely  mentioned  a  central  elevation  of 
the  Mont  d'Or  range  caused  by  subterranean  forces. 

Von  Buch's  treatise.  On  the  Geogiwstic  Relations  of  the  Trap 
Porphyry  (1813),  contains  a  careful  account  of  the  occurrence 
and  mineral  constitution  of  rocks  belonging  to  the  trachyte 
series.  The  central  elevation,  which  he  had  assumed  for  the 
Mont  d'Or  and  Cantal  area,  is  in  this  work  applied  to  other 
volcanic  regions,  for  example  to  the  Santorin  Island,  to  the 
trachyte  mountains  of  Hungary,  and  to  the  South  American 
Cordilleras,  and  a  distinction  is  drawn  between  true  volcanoes 
and  mountain-systems  representing  dome-like  crust  elevations 
pushed  up  by  subterranean  forces. 

Accompanied  by  the  Norwegian  botanist,  Christian  Smith, 
in  the  summer  and  autumn  of  18 15,  Von  Buch  explored  the 
Canary  Islands,  the  Palma  Islands,  and  on  the  return  voyage 
visited  the  Lancerote  Island.  The  result  of  this  journey  was 
published  independently  by  Buch,  as  Christian  Smith  died  in 
the  following  year  on  the  Congo  river,  where  he  had  gone  with 
Tuckey's  Expedition.     Von  Buch's  descriptive  monograph  of 
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lliu  Canary  Islands  is  full  of  information  for  llie  geographer, 
meteorologist,  botanist,  and  geologist  The  chapter  on  the 
geological  relMions  is  a  model  of  skilful  and  methodical 
exposition.  The  farm,  the  structure,  the  composition  and 
origin  of  the  different  islands,  the  constltulion  of  ihe  rocks 
and  volcanic  ejecla,  are  depicted  in  a  manner  at  once 
attractive  and  scientific,'  and  the  context  is  illustrated  by 
topographical  maps  of  Teneriffe,  Palma,  and  Lancerole, 
prepared  exclusively  from  surveys  and  drawings  made  by 
Von  Buch.  At  the  Peak  of  Teneriffe  and  in  the  wonderful 
basin-shaped  depressions  ("Calderen")  in  Palma  and  Canaria, 
Von  Buch  found  new  evidences  of  volcanic  elevations.  And 
from  this  time  forward  the  "  Elevation  Crater"  became  one  of 
his  pet  theories. 

The  first  public  enunciation  of  the  theory  was  given  by  Von 
Buch  on  the  iSlh  May,  1819.  in  the  Berlin  Academy.  He 
defined  true  volcanoes  as  solitary,  conical  mountains  almost 
always  composed  of  trap-por()iiyry  (trachyte),  and  from  which 
fire,  vapour,  and  stone  are  emitted.  They  are  surrounded  by 
molten  rock  or  ashy  material  which  flows  downward  in  Ihe 
form  of  streams.  Typical  volcanoes  are  distinguished  by  Von 
liuch's  theory  from  larger  basaltic  masses  which  after  emission 
have  been  uplifted  around  the  areas  of  volcanicily.  These  vol- 
canic uplifts  were  said  to  be  characterised  by  the  absence  of 
lava  streams  or  of  accumulations  of  rapilli  round  a  central 
area,  and  likewise  by  the  predominance  of  basaltic  ovL-r 
trachytic  rocks.  The  basaltic  masses  are  incHned  similarly  to 
sedimentary  strata  in  any  upheaved  area  ascending  from  every 
side  towards  a  great  central  cauldron,  or  craltr  of  elevation. 
This  crater  might  be  afterwards  closed  by  the  collapse  of  the 
upheaved  rocks,  and  might  be  o[Kned  intermittently  by  fresh 
volcanic  ebullitions  from  below. 

Von  Buch  then  argued  that  the  force  required  to  create 
such  a  crust-disturbance  must  be  enormous,  and  must  repre- 
sent the  prolonged  accumulation  of  a  store  of  energy  in  the 
earth's  interior.  The  expansive  force  of  the  heated  lava  first 
bulging  the  rocks  upward  like  a  blister  or  dome,  might  go  on 
increasing  until  it  rent  them  asunder  and  provided  an  outlet 
for  the  ascending  vapours.  No  true  volcano  formed  unless, 
as  frequently  happened,  a  central  cone  of  ejected  material 
gathered  within  the  crater  of  elevation. 

The  upper  basaltic  layers  of  the  crater  of  elevation  might, 
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Von  Buch  allowed,  have  flowed  into  their  present  position, 
but  not  superficially  like  the  lava  streams  of  an  active  volcano, 
only  below  the  surface  and  under  great  pressure.  The  more 
important  points  in  Von  Buch's  chain  of  evidence  were  the 
occurrence  of  coarse-grained  crystalline  rocks  in  the  bottom 
of  the  Palma  cauldron,  the  general  arrangement  of  the  strata 
sloping  away  from  the  central  crater  and  penetrated  by  numer- 
ous dykes,  and  the  presence  of  deep  ravines  (Barrancos), 
which  he  regarded  as  eruptive  fissures  on  the  outer  side  of 
the  crater  of  elevation.  Von  Buch  thought  craters  of  elevation 
were  very  numerously  distributed;  some  of  them  originally 
embracing  a  central  volcanic  cone,  for  example,  the  island  of 
Bourbon;  others,  such  as  those  of  Auvergne,  the  Siebenge- 
birge  near  Bonn,  the  Lipari  Isles,  Etna  and  the  American 
Cordilleras,  being  trachytic  dome-shaped  mountains  situated 
above  the  fissures  of  elevation,  and  either  remaining  intact  at 
their  summit  or  providing  themselves  with  orifices  of  ejection. 

Von  Buch  sub-divided  all  the  volcanoes  on  the  earth's  sur- 
face into  two  classes — central  and  serial.  The  former,  accord- 
ing to  Von  Buch,  are  located  centrally  with  reference  to  a 
large  number  of  outbreaks  radiating  in  all  directions;  the 
latter  mark  the  position  of  long  crust-fissures,  and  cither  form 
the  highest  ridge  of  a  terrestrial  mountain-system,  or  if  the 
volcanic  fissure  be  submarine,  the  highest  summits  emerge  as 
islands  above  the  ocean. 

While  Von  Buch  in  his  theory  tacitly  accepted  Hutton's 
principle,  that  the  upheaval  of  the  solid  rocks  was  due  to  the 
expansive  force  of  subterranean  heat,  he  re-cast  this  doctrine 
into  the  particular  form  required  to  explain  his  own  con- 
ceptions of  volcanicity.  He  formed  the  erroneous  idea  that 
the  inclination  of  the  basalts  around  a  volcanic  vent  could 
only  be  due  directly  or  indirectly  to  crust-elevation,  and  this 
view  shipwrecked  a  theory  which  otherwise  embodied  some 
valuable  generalisations.  Adapting  his  theory  to  the  termin- 
ology of  the  present  day.  Von  Buch's  conception  of  a  ''Central 
elevation-crater  "  represented  a  local  exhibition  of  crust-expan- 
sion accompanied  by  a  local  inrush  of  molten  and  gaseous 
material  towards  a  centre  of  crust-weakness,  and  the  escape  of 
the  same  at  a  central  vent;  Von  Buch's  ''Serial  elevation- 
craters"  represented  the  results  of  a  regional  exhibition  of 
the  expansive  forces  due  to  internal  heat,  and  regional  admis- 
sion of  molten  rock  and  gaseous  vapours  into  zones  and  areas 
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c  racks  of  tbe  Eiid  dwnct  ajid  the 

iit.-<;;  :i'  ."'- j:^:'_-;  i''i—<i  Fu---i:£.  E;:>.  wererejiafdedby 
iz^.^^^-.r  u  i-.-.c:^--'-:  :-  :r^.-i.  *:\;:  iie  r;;c:TS\i  the  enipt ions 
::  :.,:;  if.r-r.:  ;r;;:c-cii  i;=<.  He  po:r.:ed  out  that  a 
:!ij_-i:'.rr.;^^-  -^ir^^;  ;c  !:;■:  cL.'ri  t-.-^cit-ocS  wus  ihe  frequent 
:■;■:——; " .;  :t  '—■x  uz-i  Tjlji-ic  s^  ii-.-i  ish  w::hojt  anr  sign 
■-;  I-  :rS-:z  ::  tr^rr.rc  Tri';  vrL-u.r.oe>  of  the  Lower  Rhine 
di-:r:t.«T<^:,i  ■;■"  ::=  S:ibier-_:-:b  r;-, -^;ir  Bonn,  were  explained 
IS  ■;;n.Trri  ■;';r,.-j.l  n:."^--Li:n:  ;n  ■■bxh  the  vij'.v"anic  material 
icld".ci  T5i."a'fi  J".  :ii  iu:ij.c=-  In  his  C.^^Jr-ruiions  to  the 
Hitt:r,  .:f':hi  R-.:K::^tS  C'.Vji.vj.  published  in  i8ji, 
Steir.in;-::  proved  iba:  a  certain  n-^mix-r  of  the  volcanoes. 
chi'j^y  \7.:<-.  c-i  the  r;ht  bank  of  the  Rhine,  had  originated 
cont-ixt'/mneo*^^!:-"  »ith  the  {■.nrnia^ijn  of  the  brown-coal 
Av^/jV.v-,  rr-;n:ar.  I.  a.^d  were  thtr-jiVre  oldtr  than  the  pebble 
an'i  clay  dupo^its  »itb  fossil  mammalian  bones  (mammoth, 
rhiriv.-rosj  ;  b'Jt,  he  added,  the  products  of  the  youngest 
vol'Sn'y.-s  on  the  k-ft  bank  of  ihe  Rhiiie  seemed  to  be  dis- 
tfil)iili;d  above  ihtse  pebble-beds,  and  might  accordingly 
Iwlon^  to  historic  times.  Tiie  idea  of  the  (juiie  recent  occur- 
(■■[)' rj  of  those  vulcanoes  originated  from  a  mistaken  reading 
of  a  ri:f.:ri;ni:e  made  lo  the  volcanoes  of  this  area  by  Tacitus. 

In    his  earlier   writings    Steininger    was    under    the    influ- 
cDce  of  Von  Ifucb's  theory  of  elevation  craters,  but  his  close 
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acquaintance  with  the  mode  of  occurrence  of  the  volcanic 
rocks  in  Rhineland  enabled  him  gradually  to  form  his  own 
judgments,  and  these  were  unfavourable  to  Von  Buch*s 
theory.  A  visit  to  Auvergne,  Mont  d'Or,  and  the  Cantal  moun- 
tains still  further  shook  his  confidence  in  it.  He  examined 
the  basaltic  rocks  above  the  Tertiary  fresh-water  limestone 
of  Limagne,  and  felt  convinced  that  these  could  not  have 
been  bulged  up  as  solid  rock  from  the  ocean-floor,  but  must 
have  flowed  into  their  present  position  superficially  as  a  lava. 
Again,  he  could  see  no  evidence  in  favour  of  Von  Buch's 
hypothesis  that  the  ravines  of  the  Cantal  represent  eruptive 
fissures  formed  during  upheaval,  but  rather  believed  them 
to  be  ordinary  erosion  valleys.  Steininger,  however,  con- 
tinued to  retain  Von  Buch's  theory  of  volcanic  upheaval  as 
applicable  to  the  particular  cases  of  isolated  conical  hills 
composed  of  domite  or  trachyte  rock. 

The  strongest  opponents  of  Von  Buch's  theory  were,  however, 
Poulett-Scrope,^  Charles  Lyell,  and  Constant  Provost. 

In  1816-17,  Foulett-Scrope,  as  a  young  student,  had  the 
opportunity  of  observing  the  volcanic  surroundings  of  Naples, 
and  this  gave  the  impulse  to  his  scientific  studies.  He 
returned  in  18 18,  181 9,  and  1822  to  Southern  Italy,  and 
visited  Vesuvius,  Etna,  the  Lipari  Isles,  the  neighbourhood 
of  Rome,  and  the  Euganian  Isles.  In  182 1  ha  spent  several 
months  in  the  Auvergne  district,  and  in  1823  he  made  him- 
self acquainted  with  the  Rhineland  and  Eifel  volcanoes 
described  by  Steininger. 

In  1825  he  published  his  famous  work  on  Volcanoes,  and 
in  1826  his  excellent  monograph  of  the  extinct  volcanoes  in 
Central  France.  Poulett-Scrope's  works  have  held  their 
position  as  the  basis  of  volcanic  teaching.  Like  Hutton  and 
his  own  contemporary,  Charles  Lyell,  he  was  a  Uniformitarian, 
and  tried  to  explain  the  events  of  past  geological  ages  by  the 
action  of  forces  which  exist. 

Observing  the  enormous  expansive  force  of  the  aqueous 

J  George  Poulett-Scrope  was  l)orn  in  1797  in  London,  ihe  son  of  a  rich 
merchant,  J.  Poulett  Thomson ;  he  studied  in  Cambridge  under  Professor 
Sedgwick,  and  assumed  the  name  of  Scrope  after  his  marriage  with  the 
heiress  of  the  old  Scrope  family.  He  became  a  Member  of  Parliament  iti 
1833,  and  afterwards  devoted  himself  mainly  to  political  activity,  but  did 
not  neglect  his  studies  on  volcanoes.  In  1867  the  Geological  Society 
conferred  the  Wollaston  medal  on  him.  He  died  at  Fairlawn,  Surrey,  in 
January  1875. 
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vapour  and  gases  which  escaped  from  a  lava  stream  at  the 
surface,  Scrope  formed  the  opinion  that  eruptive  phenomcni 
might  Iw  traced  to  the  mobility  of  the  lava.  According  to  hia 
observations,  lava,  as  it  issues  from  a  volcanic  vciit,  very 
seldom  has  the  appearance  with  which  we  are  familiar  ia  a  hot 
mass  of  iron  or  glass,  but  Is  usually  in  a  viscid,  seething 
condition,  impregnated  with  elastic  vapours,  and  enclosing 
many  crystallites  which  move  freely  in  the  surrounding  fluid 
in  virtue  of  the  passage  of  the  vapours  through  it.  As  the 
vapours  explode  and  escape,  the  motion  of  the  mineral 
constituents  is  impeded  and  the  lava  solidifies.  Scrope 
applied  this  theory  to  subterranean  lava.  He  supposes  a  fused 
rock -mass  saturated  with  water,  under  pressure  of  super- 
incumbent solid  rock  ;  then  the  pressure  being  the  same  and 
the  temperature  raised,  or  the  temperature  being  the  same  and 
the  pressure  relaxed,  the  water  will  pass  into  the  condition  of 
vapour,  and  a  certain  amount  of  heat  be  made  latent  The 
crystalline  constituents  of  this  subterranean  magma  are 
separated  by  the  elastic  vapour,  the  lava  swells  and  passes  into 
a  fluid  condition.  The  degree  of  liquidity  in  the  whole  mass 
was  thought  by  Mr.  Scro[>e  to  depend  chiefly  on  the  weight  of 
the  mineral  constituents  and  the  fineness  of  the  crystals.  If 
the  subterranean  lava  be  horizontally  extended,  the  compressed 
vapours,  in  trying  to  escape,  press  the  lava  against  the  upper 
strata,  cause  earthquakes,  and  finally  fissures  into  which  the 
seething  lava  flows.  If  the  fissures  widen  towards  the  interior 
of  the  earth,  the  rising  lava  forms  dykes,  and  as  these  narrow 
towards  the  earth's  surface,  they  strengthen  the  crust ;  but  if, 
on  the  other  hand,  the  fissures  are  wider  in  the  upper  horizons 
of  the  crust  than  in  the  lower,  they  remain  partially  open,  and 
form  relatively  weak  parts  in  the  earth's  crust,  readily  liable  to 
renewed  eruptions. 

Scrope  endeavoured  to  explain  all  the  phenomena  associated 
with  volcanic  eruptions  upon  the  basis  of  the  above  theory. 
In  favour  of  it,  he  noted  the  periodicity  in  eruptive  activity; 
how  after  each  eruption,  when  presumably  the  fissures  have 
been  blocked  with  rock-material,  a  period  of  rest  ensues,  but 
when  the  vapours  have  once  more  accumulated  in  the  deep 
volcanic  magma,  the  old  vent  again  bursts  o|>en  or  a  new 
orifice  forms.  In  the  case  of  land  volcanoes,  the  ejected 
products  of  successive  outbursts  surround  these  orifices  with 
the  characlcnstic  circular  or  elliptical  form.    The  particular 
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form  of  the  volcano  is  determined  by  several  causes,  for 
example,  the  inequality  of  the  ground,  violent  winds  during 
eruption,  or  any  obstacles  within  the  vent  which  may  impede 
the  ascent  of  the  lava,  or  direct  it  into  another  course. 
Stratification  is  apparent  in  the  structure  of  the  cone  of 
ejection ;  it  is  especially  clear  when  there  is  an  alternation  of 
lava  and  volcanic  ash.  The  inclination  of  the  layers  of 
volcanic  rock  is  always  from  the  edge  of  the  crater  to  the  base 
of  the  cone.  The  liquidity  of  the  lava  depends  on  its 
composition,  texture,  and  temperature,  and  according  to  these 
and  to  the  superficial  relations,  the  solidified  lava  assumes  the 
form  of  horizontal  sheets,  thick  masses,  or  dome-shaped  cones. 
During  the  cooling  of  the  lava  the  escape  of  the  vapours  gives 
origin  to  the  slaggy,  vesicular  structure  of  the  lava ;  the 
liberation  of  the  gases  from  the  lava  produces  all  kinds  of 
minerals,  and  may  take  place  either  in  association  with 
escaping  vapours  as  "  fumaroles,"  or  independently  as  gaseous 
emanations  or  "  solfataras  "  ;  sometimes  the  gases  collect  from 
hot  springs,  or  they  vanish  as  exhalations.  Pillar-shaped, 
rounded,  cubical,  rhomboidal,  flaggy  or  shaly  structure 
develops  in  consequence  of  the  contraction  of  the  lava 
during  the  processes  of  cooling. 

As  one  and  the  same  volcano  may  emit  basaltic  and  trachytic 
lavas,  Scrope  thought  it  probable  that  all  volcanic  products 
come  from  the  same  subterranean  magma,  and  that  their 
specific  difference  is  due  to  some  condition  connected  with 
the  access  of  heat  and  the  subsequent  chemical  processes 
during  their  ascent.  Poulett-Scrope  opposed  the  conception 
of  Humboldt  and  Buch,  that  trachyte  and  basalt  rocks  are  of 
different  ages.  The  larger  volcanic  mountains,  he  said,  clearly 
owe  their  origin  and  form  to  repeated  eruptions ;  the  original 
cones  of  ejection  are  rent  by  later  outbreaks,  and  the  repeated 
outpourings  and  injections  of  lava  still  help  to  strengthen 
the  mountain.  In  the  summit  crater,  for  the  most  part  only 
vapours  escape,  together  with  the  blocks  and  fragments  which 
are  carried  up  by  the  explosions.  Very  wide  and  deep  craters 
form  during  the  violent  paroxysms  of  a  volcano ;  by  means  of 
the  subsequent  eruptions  new  cones  of  ejection  may  arise 
within  this  deep  crater,  and  be  surrounded  by  the  circular 
wall  of  the  old  crater ;  or  the  wall  of  the  old  crater  may  be 
disturbed  and  partially  destroyed  by  a  new  crater  (Somma). 

Scrope  strongly  contested  the  existence  of  craters  of  elevation^ 
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2nd  he  ascribed  Ihc  domal  form  of  the  trachyte  mountains  not 
to  the  swelling  up  of  homogeneous  masses,  but  to  suocessivc 
outbreaks  of  viscid  lava  streams.  Neither  did  he  draw  anjr 
fundamental  distinction  between  volcanic  eruptions  on  bnd 
and  those  on  the  ocean-floor.  Cones  of  erupted  material  form 
in  the  case  of  submarine  as  well  as  continental  volcanoes, 
but  owing  to  the  distribution  of  the  material  hy  water,  the 
layers  of  volcanic  rocic  are  less  highly  inclined  and  generally 
of  tufaceous  character.  Some  submarine  volcanoes  have  their 
cones  of  ejection  huilt  up  by  repeated  additions  until  ihcy 
rise  above  the  surface ;  others  {f.g.,  lie  de  France,  TencrilTc, 
I'atma,  the  Coral  Islands  in  the  Pacific  Ocean)  may,  in  Scropc'i 
opinion,  have  been  arched  to  their  present  position  by  the 
siibierranean  forces  of  heat.  The  ■-l:'^-;--:-;-:'  ^.:tH■^.■cn  the 
"craters  of  elevation"  of  Von  Bui  1.  ,     .     i  inland) 

of  Scrope  is  that  the  former  are  si  ;_  ifcciviid 

their  characteristic  form  and  their  crater,  independently  of  any 
accompanying  phenomena  of  eruption,  merely  by  the  upward 
swelling  and  fracture  of  the  crusi,  whereas  Scrope  thinks  the 
elevated  submarine  islands  of  volcanic  rock  are  in  all  case? 
originally  cones  of  erupted  rock-malerial  accumulated  super- 
ficially round  an  orifice,  and  afterwards  upraised  as  a  whole. 

Von  liuch's  "  Serial  Volcanoes  "  are  oiplained  similarly  by 
Scrope  as  volcanic  cones  which  participated  in  a  crust-uplift. 
All  volcanoes,  according  to  him,  occur  upon  crust-fissures . 
some  eruptive  vents  are  permanently  closed,  and  others 
continue  to  remain  in  communication  with  the  earth's 
interior,  and  are  the  scene  of  periodic  eruptions.  These 
open  vt-nts,  by  affording  a  ready  jiassage  for  subterranean 
lava,  vapours,  and  gases,  serve  to  protect  the  neighbourhood 
from  earthquakes.  Scrope  attached  little  tectonic  import- 
ance lo  the  elevations  at  volcanic  fissures,  regarding  them  as 
(juite  local  in  effect,  and  having  no  immediate  connection  with 
the  regional  crust-movements  which  elevate  continents  and 
mountain-systems. 

The  above  are  the  leading  doctrines  of  volcanicity  taught 
by  Scrope,  and  ihey  may  be  said  to  have  laid  the  first  secure 
foundation  of  present  conceptions  of  eruptive  phenomena. 
The  chief  merit  of  Scrope's  work  consists  in  the  convincing 
demonstration  it  gives  of  the  origin  and  composition  of  vol- 
canoes, in  the  disproof  of  the  file  vat  ion -Crater  theory,  and  in 
the  description  of  a  superheated  subterranean  magma  saturated 
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with  water-substance,  and  brought  to  the  isurface  in  virtue  of 
the  expansive  force  of  escaping  vapours  and  gases. 

Sir  Charles  Lyell  held  views  very  similar  to  those  of 
Poulelt-Scrope.  His  observations  in  the  Auvergne,  and  at 
Vesuvius  and  Etna,  had  convinced  him  of  the  mistaken 
principles  in  the  Elevation-Crater  theory.  He  made  the 
pertinent  objection  that  one  of  the  "craters  of  elevation" 
mentioned  by  Von  Buch  was  entirely  composed  of  marine 
or  littoral  sediments;  and  he  explained  the  enormous 
"cauldrons"  of  Palma,  Gran  Canaria,  Bourbon,  etc.,  as 
craters  due  to  volcanic  explosion ;  and  the  circular  walls  of  the 
Somma,  the  Peak  of  Teneriffe,  Etna,  etc.,  as  the  remainder 
of  old  crater  walls.  In  common  with  Poulett-Scrope,  Lyell 
ascribed  the  conical  form  of  most  volcanoes  to  the  accumu- 
lation of  volcanic  products  round  a  vent,  and  he  accepted 
Scrope's  view  that  volcanic  eruptions  were  originated  by  the 
explosive  disengagement  of  the  compressed  vapours  and  gases 
from  subterranean  magma.  His  wider  geological  experience, 
however,  led  him  to  the  further  conclusion  that  the  water- 
substance  dissolved  in  the  magma  had  been  introduced  into 
it  by  percolation  downward  from  the  surface,  and  that  the 
characteristic  occurrence  of  serial  volcanoes  on  the  sea-board 
betokened  direct  influence  of  the  sea-water  upon  the  sub- 
terranean magma. 

Dr.  Charles  Dauben/s  Description  of  Active  and  Extinct 
Volcanoes^  etc,  (1826),  although  less  full  of  original  matter 
than  the  works  of  Scrope  and  Lyell  on  kindred  subjects, 
was  distinguished  by  greater  chemical  and  mineralogical 
knowledge.  His  treatment  of  European  volcanoes  is  based 
for  the  most  part  on  his  own  field  investigations  of  the  various 
localities,  and  careful  laboratory  research  of  the  volcanic  rocks. 
Daubeny  was  favourably  inclined  to  Buch's  "  Elevation-Crater" 
theory,  and  thought  that  Scrope  attached  too  great  importance 
to  the  expansion  of  vapours,  and  too  little  importance  to 
chemical  processes  in  his  explanation  of  volcanic  eruption. 

Valuable  results  of  a  special  study  of  the  Lipari  Islands 
were  made  known  in  1832-33  by  Friedrich  Hoffmann,  but  the 
complete  researches  of  this  gifted  writer  were  first  published  by 
Von  Dechen  after  Hoffmann's  death,  in  Karsten's  Archiv  fiir 
Mineralogies  1839.  Hoffmann  contended  that  there  was  no 
essential  difference  in  point  of  structure  between  the  craters 
attributed  by  Von  Buch  to  crust -elevation  and  ^sswie,  ;v.v\d\.Vv^ 
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craters  regarded  by  him  simply  as  c!\iplive  orifices.  The 
alleged  differences  resolved  themselves!  into  a  tjiieslion  o( 
comparative  dimensions,  and  these  could  be  enplained  by  tlie 
varying  intensity  of  the  explosive  convulsions. 

The  French  Government  had  sent  Constant  Provost,  in 
August  1831,  to  Panlellaria,  in  order  to  study  the  newly- 
formed  Graham's  Island,  or  lie  Julia,  as  the  Kronch 
Expedition  called  it.  The  island  vanished  in  three  months, 
and  Provost  was  one  of  the  Tevr  favoured  individual  who 
had  succeeded  in  visiting  and  making  drawings  of  it. 
After  fulfilling  this  commission,  he  travelled  through  Sicily. 
climbed  Etna,  made  a  stay  in  the  Lipari  Islands,  aiid 
finally  met  HoflTmann  and  Escher  von  dt-r  I.inlh  in  Napk'S, 
Excursions  made  in  the  company  of  111'  m.  .  ■'"■/■  lo 
Vesuvius     and     the     Phlegrrean     fields     I  :  ■ 

memorable   tour   to  a  conclusion,     Sevir  1!  ;.;s 

journeys  were  sent  by  Provost  to  the  Academy  of  Sciences  and 
the  Geological  Society  of  ^aris. 

Meanlimc,  in  Paris,  Elie  de  Beaumont  (i8jg-,^o)  had 
discussed  the  Elevation-Crater  theory  in  various  publication^:, 
and  had  given  it  strong  support;  and  when  Ptevost  in  his 
first  report  on  the  Island  of  Julia  to  the  Academy  ventured  to 
doubt  the  theory,  and  in  September  1833,  in  a  second  report, 
went  so  far  as  to  openly  deny  the  existence  of  elevation- 
craters  in  any  volcanic  district  visited  by  liim,  he  aroused  the 
displeasure  of  all  the  leading  members  of  the  Academy.  Only 
the  venerable  C'ordicr,  who  had  seen  the  Canary  Isli-s, 
expressed  agreement  with  him.  In  the  December  of  that  year 
I'revost  won  a  valuable  ally  in  Virlct,  who  proved  that  the 
Sanlorin  group,  which  had  hitherto  l>een  included  amongst 
clc vat ion-c raters,  consisted  wholly  of  ejected  material. 

In  the  following  years  controversy  became  as  keen  in  the 
discussion  of  IJuch's  theory  as  it  had  been  in  Werner's  time 
over  ihe  discussion  of  the  volcanic  or  afiueous  origin  of  basalt. 
Annoyed  by  the  attacks  on  his  favourite  theory,  Itucli 
nndertonk,  in  the  autumn  of  18^4,  another  journey  to  Italy 
along  with  Link,  Flic  de  lioniimnnl,  and  Dufrcnoy.  New 
cvidi,'ncus  were  rnllo'li'd,  and  his  views  were  atlernards 
pronounced  even  more  firmly.  "Craters  of  Elevation  are,"  he 
wrote,  "remnants  of  a  powerful  manifestation  of  energy  from 
the  earth's  interior,  which  is  capable  of  uplifting  large  islands 
many  squnrc  miles  in  breadth  to  a  considerable  elevatiuJi. 
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[o  phenomena  of  eruption  proceed  from  them ;  no  volcanic 
vent    connects    them   with   the    earth's   interior;    and    only 
reldom  is  there  any  evidence  of  continued  volcanic  activity 
kvithin  such  craters,  or  in  their  neighbourhood." 

The  chief  argument  insisted  upon  by  Buch  was  the  high 
inclination  of  the  lava  flows,  which  he  thought  proved  that  they 
had  been  uplifted  after  their  emission.  He  never  accepted 
Scrope's  explanation  that  the  streams  of  red-hot  magma  could 
solidify  in  this  position.  Elie  de  Beaumont  examined  Etna, 
and,  after  accurate  measurements  of  the  angle  of  inclination, 
likewise  refuted  the  [)OSsibility  of  solidification  in  situ.  He 
allowed  rather  more  significance  than  Von  Buch  to  the 
accumulation  of  ejected  scoriae  and  debris^  but  held  upheaval 
for  the  most  important  factor  in  the  formation  of  a  volcanic 
cone.  Wilhelm  Abich  and  Sainte-Claire  Deville  were  amongst 
the  more  able  supporters  of  the  Elevation  Crater  theory ; 
Abich  in  his  illustrative  work  on  Vesuvius  and  Etna  (1836),  and 
Deville  in  his  description  of  the  Eruption  of  Vesuvius  in  1855. 

Von  Buch's  theory  was  now  thought  to  have  been 
successfully  defended,  and  was  accepted  in  the  standard  text- 
books, in  the  monographs  of  Daubeny  and  Landgrcbe,  and 
above  all  in  the  Cosmos  of  Humboldt.  But  the  three  chief 
antagonists  of  the  theory,  Constant  Provost,  Lyell,  and  Poulett- 
Scrope,  continued  to  publish  their  own  views,  and  in  two 
masterly  polemical  papers  in  the  Quarterly  Journal  of  the 
Geological  Society  of  Jj>ndon  (1856  and  1859),  Scrope  was  able 
to  endorse  the  opinions  he  had  formed  thirty  years  earlier, 
and  to  demonstrate  the  origin  of  volcanic  cones  from  ejected 
material  in  a  manner  absolutely  convincing. 

During  the  following  decade,  corroborative  evidence  in 
the  same  direction  rapidly  gathered  in  geological  literature. 
Dr.  George  Hartung,  who  had  been  with  Sir  Charles  Lyell  in 
the  Canary  Islands,  and  had  also  made  a  number  of 
observations  in  Madeira  and  the  Azores  Islands,  openly 
disputed  Von  Buch's  views  in  Germany,  and  said  that  the 
present  shape  of  the  large  "cauldrons"  in  l^alma  and  Ciran 
Canaria  had  been  produced  by  erosion.  Dana's  investigations 
in  the  Sandwich  Isles  and  Junghuhn's  excellent  descriptions 
of  the  volcanoes  in  Java  added  further  records  of  volcanic 
cones  built  up  by  ejected  material;  and  Fouque  in  186^ 
arrived  at  the  conclusion  that  in  the  case  of  the  Santori 
Isbnds    Buch's    theory   could    not    be    applied.     Thus    tb 
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hypothesis  or  Elevation-Craien  had  to  be  given  up,  and  wUh  it 
the  classification  of  volcanoes  into  "True"  or  "Eruptive 
Volcanoes"  and  "Craters  of  Elevation"  which  had  been  «> 
long  associated  nith  the  names  of  Buch  and  Humboldt. 

Karl  von  Seebach  then  proposed  a  new  ctassilication ;  he 
distinguished  as  Stratified  Volcanots  those  which  have  a  cTatcr 
and  are  composed  of  layers  of  lava  and  loose  volcanic  ash  and 
scotire  ;  as  Homogeneous  Voltanots  those  which  have  no  crater 
and  no  loose  ejected  material  but  hare  originated  as  massive 
effusions  and  have  the  form  either  of  volcanic  domes  or 
horizontal  sheets.  The  homogeneous  volcanoes  have  been 
formed  by  viscous  lavas,  the  stratified  volcanoes  by  more 
liquid  lavas  strongly  impregnaicd  with  vapour  and  g.ises. 
This  sub-division  into  stratified  and  homi^eneous  volcanoes 
was  adopted  in  most  of  the  text-books,  and  was  afterwards 
more  firmly  established  by  Sir  Archibald  Geikie  and  Dr.  Keyer. 

ft  is  beyond  the  scope  of  this  volume  to  enter  into  the 
extensive  descriptive  literature  which  is  occupied  chiefly  with 
the  configuration,  composition,  geographical  disuibution,  erup- 
tive phenomena,  anj  hislory  of  the  volcanoes.  Humboldt 
published  an  epitome  of  all  known  volcanoes,  and  tliu  works 
of  Hoff,  Daubeny,  Scropc,  and  oihtrs  supplemented  the 
earlier  lists. 

Vesuvius  is  the  best  known  volcano  in  the  world,  and 
during  the  prolonged  controversy  about  elevation -craters 
was  made  more  than  ever  the  subject  of  close  attention. 
Monticelli  for  thirty  years,  from  1815  to  1845,  took  observa- 
tions on  Vesuvius  and  its  discharges;  from  1855  to  1891 
Palmieri  published  regular  reports  of  the  observations  made 
in  the  Observatory  of  this  mountain.  Angeio  Scacchi  and 
Gerhard  vom  Rath  examined  the  minerals  of  Vesuvius  ;  the 
lavas  were  described  by  Justus  Roth,  the  author  of  a 
nionographof  Mount  Vesuvius  (1857),  and  byC.  W.  C.  Fuchs. 
The  last-named  author  also  mapped  and  described  the  Island 
of  Iscliia  (1872).  Within  recent  years  Vesuvius  !ias  been  con- 
stanlly  under  observation  by  Johnston  f^ivis  and  Matteucci. 

The  name  of  liaron  Sartorius  von  Wahcrshaosen  is  indelibly 
assoiiated  with  Klna.  His  geological  map  (scale,  1  :  50,000) 
of  this  volcano  appeared  in  iSfii,  and  his  desctipiivc  text  was 
published  posthumously  in  1880  by  l.asaul.s.  The  scrupulous 
accuracy  and  exhaustive  details  of  both  map  and  text  amply 
entitle  them  to  their  rank  as  the  fundamental  work  on  Etna. 
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on  Waltershausen  brings  forward  evidence  to  show  that  the 
St  volcanic  outbreak  on  Etna  took  place  during  the  Diluvial 
:riod,  while  that  area  formed  part  of  the  Continent ;  whereas 
Ila,  writing  in  1845,  referred  the  first  Etna  eruption  to  the 
liocene  age,  or  possibly  to  a  still  more  remote  period, 
ccording  to  Von  Waltershausen,  the  volcanic  eruptions  are 
mcentrated  along  a  fissure  extending  in  N.N.W.-S.S.E. 
rection ;  and  the  famous  Val  del  Bove  is  thought  by  him  to 
ive  originated  as  a  crust-inthrow,  and  is  compared  with  the 
ust-basins  of  Somma  and  Santorin. 

The  Lipari  Islands  have  called  forth  a  rich  literature. 
>ecial  interest  has  been  accorded  to  a  ringed  series  of 
lands  and  reef-rocks  surrounding  Strom boli  on  the  south, 
offmann  in  1832  suggested  that  these  probably  represented 
e  fragments  of  a  former  enormous  crater.     Professor  Judd 

1875  confirmed  this  view,  and  also  agreed  with  Hoffmann's 
inclusion  that  the  vents  of  the  volcanic  discharges  in  the 
ipari  Isles  virtually  occur  along  the  course  of  three  radial 
»sures.  Professor  Suess  expressed  a  similar  oi)inion  that  the 
'^olian  Isles  mark  a  saucer-shaped  depression  in  which  radial 
ults  intersect. 

The  Santorin  Isles  form  the  subject  of  a  splendidly 
ustrated  monograph  by  Fouqu<$.  Since  its  publication  in 
578,  a  number  of  geologists  have  contributed  special  papers 
1  the  surface  conformation,  the  geological  structure,  the 
igin  and  history  of  these  volcanic  islands.  All  newer 
iblications  agree  that  the  theory  of  the  Elevation-Craters  is 
lite  inapplicable  to  Santorin. 

The  volcanoes  of  Iceland  have  been  carefully  investigated 
iring  the  past  century.  Mackenzie's  Travels  gave  the 
jliest  detailed  reports  (181 1);  in  1846,  the  great  chemist 
obert  von  Bunsen  travelled  through  Iceland,  and  published 
re  years  later  his  famous  treatise  on  the  chemical  composition 
id  origin  of  the  volcanic  rocks  of  Iceland.  Within  recent 
lars  the  island  has  been  accurately  mapped  by  members  of 
e  Norwegian  Survey  Department,  and  important  contribu- 
)ns  have  been  made  to  the  knowledge  of  its  volcanoes  by 
horoddsen  and  Keilhack. 
The  extinct  volcanoes  of  Europe  have  received  a  large  share 

attention  from  geologists.  The  Euganian  Isles  near  Padua, 
id  Monte  Berici  near  Vicenza,  have  been  studied  by  Dr.  vom 
ath.  Dr.  Reyer,  and  Professor  Suess. 
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The  extinct  volcanoes  of  Central  France,  the  Eifcl  and  the 
Sieljengebirge,  ha\e  Ijccii  frequently  mentioned  in  the  fore- 
going pages.  Other  favourite  themes  in  geological  Itteralun; 
are  the  basalt  and  trachyte  domes  of  the  Westerwalil,  llie 
extensive  volcanic  district  of  the  VogelsgebirgC,  the  extinct 
volcanoes  in  the  vicinity  of  Cassel,  in  the  Habichts  Forcrt, 
Kaufung  Forest,  and  the  Meissner  Mountain.  As  carlj  as 
1790,  a  mineralogical  study  of  the  Meissner  was  published  by 
J.  Schaub,  and  a  geological  map  of  this  mountain  appeared 
in  1817. 

The  Rhon  has  a  historical  interest  for  geology,  as  it  was  the 
ba^is  of  Voigt's  attack  on  the  Neptunistic  doctrines  of  hii 
teacher  Werner.  The  mode  of  occurrence  of  the  phnnolitc 
and  basalt  bosses  in  the  Rhon  convinced  Voigt  of  their 
volcanic  origin.  The  first  complete  description  of  the  Rhon 
was  given  in  1866  by  C.  W.  von  Giimbel,  in  whose  works  on 
Bavarian  geology  will  be  found  all  the  important  features  of 
the  ancient  centres  of  volcanicity  in  the  Bavarian  Forest. 
Another  district  exhaustively  treated  by  Giimbel  is  the 
volcanic  inthrow  of  the  Ries.  The  basalt  hills  and  tuff  dykes 
of  ibe  Swabian  Alp  have  been  examined  by  Quunsledt  (1869), 
Zirkel  (1870),  and  more  recently  by  W.  Branco  (1894). 
Professor  Itranco  contests  the  hypothesis  that  all  volcanoes 
occvir  upon  tectonic  fissures  and  faults. 

Ill  the  Hohgau  in  Baden  phonolite  and  basalt  mountains 
risu  to  a  height  of  nearly  3000  feet.  They  present  for  the 
most  part  the  characteristics  of  homogeneous  volcanic  rock, 
but  arc  partly  accompanied  also  by  masses  of  tuiTs.  The 
pretty  little  vulcanic  mountain  known  as  the  Kaiserstuhl  rises 
from  the  Rhine  Plain  between  the  Black  Forest  and  the  Vosges 
mountains.  Baron  von  Dietrich  in  1774  was  the  first  to 
recognise  its  volcanic  origin. 

The  basaltic  bosses  in  Thuringia,  Saxony,  and  Silesia,  as  well 
as  the  extinct  volcanoes  in  North  Bohemia,  Hungary,  and 
Transylvania,  have  been  the  subject  of  petrographical  (lapers, 
hut  have  had  no  marked  influence  upon  general  conceptions  of 
volcanism.  The  Kamnierbiihl  near  Eger  has  some  historical 
inli:resl,  and  a  new  paper  was  published  upon  it  by  Pro5t 
Uahrhud,,  ..S.^4).  . 

The  writings  on  the  district  of  I'redazKO  and  the  neighbour 
ing  ])arts  of  the  Fassa  Valley  and  Schlern  fdl  an  important 
IKige  in  the   history  of  volcanism.      In   1819  Count    Maruri 
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Pencati  had  drawn  attention  to  the  fact  that  not  far  from 
Predazzo,  at  the  waterfall  of  Canzacoli,  true  granite  covered 
the  Alpine  limestone  and  had  altered  it  to  marble.  Leopold 
von  Buch  doubted  in  1821  the  position  of  the  granite  above 
the  limestone,  but  allowed  that  the  granite  had  produced  the 
metamorphism  of  the  limestone  to  marble.  Then  followed 
Buch's  famous  papers  on  dolomite,  and  on  the  geology  of  the 
Fassa  Valley,  in  which  he  on  the  one  hand  tried  to  explain  the 
origin  of  the  dolomite  by  the  action  of  magnesia  vapours 
during  the  eruption  of  augite  porphyry,  and  on  the  other  hand 
associated  the  upheaval  of  the  Alps  with  the  outbreaks  of 
augite  porphyry. 

Buch's  declaration  that  in  South  Tyrol  lay  the  key  to 
the  solution  of  Alpine  geology,  attracted  geologists  from  all 
countries  to  this  neighbourhood.  The  "  Triassic  granite"  and 
Monzoni  syenite,  with  their  wonderful  array  of  contact 
minerals,  the  dykes  and  massive  sheets  of  augite  porphyry, 
melaphyre  and  liebenerite  porphyry,  were  described  by  several 
geologists.  In  1824  Poulett-Scrope,  Studer,  and  Ami  Bou^ 
visited  Predazzo;  in  1843  Von  Klipstein  published  his  obser- 
vations on  the  Fleims  and  Fassa  Valley;  in  1855  the  Nor- 
wegian mineralogist,  Kjerulf,  published  his  accurate  mineral- 
ogical  and  chemical  investigation  of  the  Monzoni  syenite. 

Baron  von  Richthofen's  monograph,  published  in  i860,  still 
forms  the  best  foundation  for  the  geology  of  South  Tyrol. 
He  determined  a  definite  succession  in  the  Triassic  eruptive 
rocks — first  the  basic  series,  augite,  porphyrite,  monzonite,  and 
hyi>ersthenite,  then  flows  of  lava,  or  the  infilling  of  fissures  by 
tourmaline  granite,  melaphyre,  and  liebenerite  porphyry. 
Three  years  later  Bernhardt  von  Cotta's  paper  appeared  on 
the  intrusions  and  ramifications  of  the  Monzoni  syenite  into 
the  limestone,  on  contact  minerals,  and  on  the  melaphyre 
dykes  in  the  limestone  and  dolomite.  Lapparent  in  1864 
sub-divided  the  eruptive  rocks  of  the  neighbourhood  into  a 
basic  and  an  acid  group,  without  entering  into  the  particular 
succession,  but  Doelter*s  petrographical  studies  led  him  to 
much  the  same  conclusion  about  the  succession  as  Richthofen 
had  formed.  Reyer,  on  the  other  hand,  thought  that  granite 
and  then  syenite  had  been  intruded  during  the  Muschelkalk 
period;  monzonite,  porphyrite,  and  andesite  had  followed; 
but  in  his  opinion  the  same  eruptive  series  had  been  re- 
peated in  various  geological  epochs.     Mojsisovics'  work,   The 
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Dolomite  Retft  oj  SeulH  Tyrol,  supplies  a  comprehensive 
account  of  this  district,  and  forms  the  text  to  the  Austrian 
Geological  Survey  Maps. 

More  recently  the  Norwegian  gcolc^st.  Professor  Itmeggcr, 
has  drawn  a  comparison  between  the  rocks  of  the  South  Tyrol 
eruptive  area  ajid  those  of  the  Chrisliania  area.  He  demon- 
strates thai  Richthofen's  "  Melaphyre"  of  the  Mulatto  mountain 
is  not  younger  but  older  than  the  tourmaline  granite,  and  that 
altogether  the  basic  eruptions  of  augite,  porphyrile,  plagioclase 
porphyrite,  and  melaphyres  in  the  Fassa  Valley  for  the  most 
part  preceded  the  intrusion  of  the  granite.  Only  a  few  ultra- 
basic  dykes  which  penetrate  the  granite  at  Preda«o  are  y-ounger 
than  it  Broegger  arrives  at  the  conclusion  that  granite, 
monzonite,  hypersthenlte  are  only  the  deep-seated  equivalents 
of  the  Triassic  outflows  of  porphyrites  and  melaphyres ;  and 
his  comparison  of  the  Predazzo  and  Christtania  areas  leads  him 
to  assign  a  Triassic  age  to  the  granite  masses  at  Brixen.  and  to 
the  tonalite,  adamellite,  and  banatite  of  the  Riesenfemer  group, 
the  Adamello  group,  and  Cima  d'Asta. 

The  extinct  volcanoes  of  the  Western  Isles  of  Scotland 
were  first  described  by  MacCulloch  {ante,  p.  113).  Ami  Bou^, 
in  his  Geological  £ssay  on  Scotland  (1820),  distinguished  very 
exactly  between  basaltic  sheets  and  dykes,  and  described  the 
various  volcanic  rocks  petrographically.  Although  a  student 
of  Jameson,  he  attached  himself  to  Hutton's  parly  in  regard  lo 
the  origin  of  basalt,  phonolile,  trachyte,  porphyry,  and  granite 

],.  A.  Necker,  the  grandson  of  the  great  Saiissurc,  travelled 
in  Scotland  and  the  Western  Hebrides  in  1823,  but  his  account 
of  his  journey  contained  little  that  was  new.  The  observations 
of  Von  Oeynhauscn  and  Von  Dechcn,  published  in  Karsten's 
Archiv  in  1826,  were  of  some  importance  for  the  geology  of 
Skyc,  Eigg,  and  Arran. 

In  1850,  the  Duke  of  Argyle  discovered  in  the  Island  of 
Mull  sedimentary  beds  with  flint  nodules  belonging  to  the 
Cretaceous  series,  and  fossil  remains  of  dicotyledonous  plants 
iHitween  basaltic  flows.  The  fossils  were  determined  by 
Kdward  Forbes  to  be  of  Tertiary  age;  nevertheless  the  same 
author  referred  the  basalts  of  Skye  to  the  Jurassic  epoch. 
In  1861,  Sir  Archibald  Geikie  began  that  brilliant  series  of 
researches  which  extended  over  a  period  of  thirty-five  years, 
and  ma<le  the  Western  Isles  of  Scotland  a  classical  area  for 
the  study  of  extinct  volcanoes. 
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Geikie  at  first  agreed  with  Edward  Forbes  as  to  the  geolo- 
gical age  of  the  basaltic  flows  in  Skye,  but  further  researches 
led  him  to  form  another  conclusion,  and  in  1867  he  wrote  that 
all  the  eruptions  of  basalt  in  the  Western  and  the  Faroe  Isles, 
as  well  as  those  in  Iceland,  had  taken  place  during  the  Tertiary 
epoch,  and  that  the  individual  outbreaks  had  been  separated 
by  long  intervals  of  time,  during  which  fresh-water  deposits, 
conglomerates,  and  even  thin  coal-seams  had  accumulated. 
The  volcanic  flows  covered  considerable  areas  and  solidified 
quickly  into  compact  basalt,  sometimes  to  spheroidal  or 
columnar  basalt.  Forbes  had  already  expressed  the  opinion 
that  in  Scotland  it  was  not  a  question  of  submarine  but  of  sub- 
aerial  eruptions,  and  Sir  Archibald  Geikie  confirmed  this  view. 

While  Geikie  was  still  engaged  in  his  field  investigations. 
Professor  Judd  published  a  paper  on  the  extinct  volcanoes  of 
the  Scottish  Highlands,  in  which  he  tried  to  prove  that  the 
volcanic  outbursts  had  proceeded  from  five  great  central 
volcanoes.  Judd  supposes  three  periods  of  eruption,  the  first 
characterised  only  by  acid  rocks  (felspathic  lavas  and  granite), 
the  second  by  basalt  and  basaltic  tuff,  and  the  third  by  the 
formation  of  sporadic  volcanic  cones  of  various  constitution. 
Geikie  contested  these  views  in  a  series  of  papers  whose  con- 
tents are  comprised  in  the  second  volume  of  his  work,  The 
Ancient  Volcanoes  of  Great  Britain^  published  in  1897. 

No  basaltic  region  in  the  world  has  been  examined  and 
described  with  the  same  accuracy  as  the  Western  Isles  of 
Scotland.  Sir  Archibald  Geikie  has  convincingly  proved  the 
order  of  succession  of  the  different  contemporaneous  flows, 
the  age  of  the  various  intrusive  sheets  and  dykes,  the  occur- 
rences of  fossiliferous  strata  interbedded  between  the  contem- 
poraneous basaltic  flows,  and  has  also  demonstrated  the 
presence  of  ancient  necks  and  in  several  places  even  vestiges 
of  original  craters  on  the  surface  of  the  older  lavas.  Through 
his  exposition  of  one  of  the  most  involved  and  puzzling  pieces 
of  research  undertaken  in  any  country,  Geikie  has  thrown  new 
light  upon  the  history  of  extinct  volcanic  action.  In  his  hands 
this  typical  district  of  ancient  volcanicity  has  revealed  to  the 
geologist  many  fundamental  principles  of  correlation  in  the 
subterranean  and  surface  distribution,  and  in  the  consolida- 
tion of  rock-magmas,  which  are  of  the  highest  significance  for 
the  study  of  homogeneous  volcanic  rock.  The  diverse  and 
often  marvellously  beautiful  scenic  effects  produced  in   the 
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volcanic  rocks  by  subsequent  denudation  have  been  trciled 
with  no  less  c^ireful  observation  and  insight. 

In  the  course  of  his  researches,  Geikie  did  not  confine 
himscir  to  the  Scottish  volcanoes  of  Tertiary  age.  The  first 
volume  of  his  important  work  treats  the  older  volcanic  rocks 
of  Great  Britain  from  the  Pre-Cambrian  to  ihe  close  of  ihc 
Permian  period,  (jcikie  does  not  admit  any  esscnlial  differ- 
ence between  old  and  modern  volcanoes,  and  he  judges  all 
massive  oulpourings,  sills  and  dykes,  homogeneous  bosses  and 
cones,  from  this  standpoint  On  ihe  one  hand,  the  phenomena 
of  past  periods  are  read  in  the  light  of  recent  manifestations 
of  volcanic  action;  and  vice  vend,  the  stratigraphical  relations 
of  the  submarine  luffs  and  massive  outbreaks  of  the  PaUeoioic 
era  are  used  to  elucidate  certain  of  the  recent  phenomena 
which  are  removed  from  present  observation.  In  this  volume, 
examples  are  described  of  typical  stratified  volcanoet  in  the 
Silurian  and  Devonian  formations  of  Wales  and  Scotland,  the 
extensive  fissure  eruptions  of  the  Carboniferous  eiHwh  in 
Scotland,  and  the  scattered  homogeneous  domes  or  tuffconcs 
which  took  origin  in  England  during  the  same  epoch.  In  the 
Mesozoic  jieriod.  Great  Britain  was  marked  by  almost  com- 
plete cessation  of  volcanic  activity. 

The  volcanic  phenomena  of  the  Faroe  Islands  have  been 
investigated  by  Professor  James  Geikic  {1880),  Amund  Holland 
(1881),  Ur^on  (1S84),  and  Lomas  (1893)-  These  islands 
display  a  close  relationship  with  the  northern  areas  of  Great 
Britain. 

Important  contributions  to  our  knowledge  of  volcanicily 
have  been  made  by  Dr.  Hermann  Abich,  in  his  works  on  the 
geology  of  the  Caucasian  areas.  The  Persian  volcano 
Demavend  has  also  been  made  the  subject  of  geolosical 
researches,  the  Austrian  geologist,  Dr  Titi/e,  having  given 
.the  most  recent  account  in  1878.  Reports  of  the  extinct 
volcanoes  of  Asia  Minor  appear  in  several  books  of  travel 
published  about  the  middle  of  the  nineteenth  century;  the 
volcanoes  in  the  vicinity  of  the  Dead  Sea  have  been  examined 
in  some  detail  by  Blanckenhorn  and  Diener. 

In  Asia  proper,  volcanic  activity  is  at  present  concentrated 
along  the  eastern  coastline,  on  the  borders  of  the  Pacific 
Ocean.  The  volcanoes  in  Kamtschatka,  in  the  Aleutian  and 
Kurile  Isles,  in  Japan,  Formosa,  and  the  Philippines,  have 
been  repeatedly  described  in  geographical  and  geological  litera- 
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ture.  More  special  geological  papers  on  the  volcanoes  of 
Japan  have  been  published  by  Naumann  in  Germany,  by 
Milne  in  England,  and  by  Wada  and  other  Japanese  authors 
in  the  scientific  literature  of  Japan. 

Junghuhn's  well-illustrated  account  of  the  Javanese  volcanoes 
holds  a  distinguished  place  in  the  literature,  and  the  pioneer 
work  of  investigation  begun  by  German  explorers  was  ably 
continued  by  tho  later  communications  of  Emil  Stohr  on  the 
Idjen-Raun  and  the  Tenggor  volcanoes  in  East  Java,  and  by 
R.  D.  M.  Verbeek,  on  the  volcanic  outbursts  which  culminated 
in  the  fearful  catastrophe  of  the  Krakatoa  eruption  in  1884. 

India,  although  unvisited  by  recent  volcanic  action,  was  the 
scene  of  colossal  outpourings  of  volcanic  matter  during  the 
Cretaceous  epoch.  The  Geological  Survey  of  India  has  already 
made  known  the  leading  characteristics  of  the  Deccan  basalts 
and  tuffs  which  extend  throughout  a  vast  territory  in  the 
heart  of  India. 

A  classical  district  for  volcanic  research  is  the  island  of 
Hawaii  with  the  two  giant-cones  Mauna-Loa  and  Mauna  Kea. 
These  were  described  in  1840  by  Professor  Dana,  and  in 
1884  a  detailed  monograph  on  the  Hawaiian  volcanoes  was 
published  by  Clarence  Edward  Dutton.  Charles  Darwin's 
"Geological  Observations  on  the  Volcanic  Islands  visited 
during  the  voyage  of  H.M.S.  Beagle"  (1844)  laid  the  founda- 
tion for  a  new  field  of  volcanic  research;  and  the  geological 
results  of  the  Challenger  Expedition  have  contributed  materially 
to  the  scientific  knowledge  of  submarine  eruptions. 

The  African  continental  volcanoes,  notably  the  Kamerun  in 
the  west,  the  Kilimandjaro  and  Kcnia  in  the  east,  and  the 
Ruwenzori  in  the  interior,  are  remarkable  for  their  great  size. 
They  have  been  frequently  ascended  during  the  last  decade, 
and  the  rocks  have  been  partially  investigated,  but  so  far  their 
investigation  has  not  contributed  much  that  is  new  in  volcanic 
research.  The  extensive  outpourings  of  volcanic  material  in 
Eastern  Equatorial  Africa  are  stated  to  have  begun  after  the 
close  of  the  Jurassic  period. 

North  America  possesses  active  volcanoes  only  in  the 
extreme  north-west,  in  Alaska  and  Washington  territory. 
These  have  been  described  by  the  geologists  of  the  United 
States;  detailed  information  having  already  been  given  of  all 
the  important  areas,  Mount  Elias  in  Alaska,  Mount  Rainier 
( Tacoma)  and  Mount  Hood  in  the  Cascade  mouata\i\^,  ?iv\d 
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the  Mono  Valley  in  Cast  California.  The  magnificent  lnull 
plateau  in  Oregon  and  Washington,  through  which  ihe  ColumbTB 
River  has  channeled  ils  course,  was  made  known  lo  lh« 
scientific  world  by  Ilaydcn,  and  the  same  geologist  described 
Tot  the  first  time  in  1871  the  wonderful  lava  plateau  in  North- 
western Wyoming,  on  the  banks  of  the  Yellowstone  River, 
with  geysers,  hot  springs,  mud  volcanoes,  and  extinct  volcanic 
hills.  Since  the  Yellowstone  Park  became  in  1871  the 
national  property  of  the  United  States,  the  Geological  Survey 
Department  has  carried  on  without  inteimission  the  work  o( 
scientific  exploration  and  detailed  research  in  this  region. 
Professor  Iddings  has  described  the  volcanic  rocks  of  the 
National  Park  in  two  memorable  reports  of  the  United  Slaica 
Survey  (iSSSand  i88g). 

Farther  south,  the  high  table-lands  of  Colorado,  Ari/ona, 
and  New  Mexico  display  a  number  of  extinct  volcanota 
which  have  broken  through  horizontal  strata  of  PalaiOioic  ag« 
and  repose  upon  them  as  widespread  sheets  or  conical  hills. 
'I'he  volcanoes  in  Southern  Colorado  and  in  Arizona  were 
described  by  Powdl,  Wheeler,  King,  Ciilbcrt,  and  others,  and 
in  1882  the  United  Slates  Survey  published  Dulton's  admir- 
able monograph  of  the  Grand  Canon  district. 

The  Henry  mountains,  in  the  greatly  denuded  region  west 
of  the  Color.-ido  River,  will  always  be  memorable  in  geology 
as  Hie  locality  of  (Jilbert's  epoch-making  researches  on  volcanic 
rocks.  Gill>erl  demonstrated  there  the  true  nature  of  certain 
deep-seated  intrusions  which  had  made  their  way  mainly  alonj; 
Ihe  l>cdding-planes  of  sedimentary  strata,  had  solidified  ther^ 
in  cistern-like  form,  and  displaced  the  surrounding  beds  by 
their  pressure.  Such  intrusions  were  termed  "laccolites"  by 
Gilbert,  and  in  so  far  as  they  exert  uplifting  forces  on  the  strata 
above  them,  Gilbert's  bccolitic  intrusions  ate  reminiscent  of 
Von  Iluch's  Elevation-Craters.  The  term  of  "laccolite," 
together  with  Gilbert's  explanation,  is  almost  universally 
accepted  by  geologists.  Pealc,  Holmes,  and  Endlich  (187;) 
have  shown  how,  in  virtue  of  denudation  and  removal  of  the 
stratified  rock-materia',  individual  laccolites  have  been  ex|)Oscd 
superficially  as  dome  shaped  bosses  of  igneous  rock. 

Alexander  von  Humboldt  was  the  first  lo  explore  the 
Mexican  volcanoes,  and  the  German  geologists  Felix  and  Lenk 
jmblished,  during  the  years  iSSSiji,  valuable  contributions 
to  the  geology  and  palKontolf>ey  of  Mexico.     The  volcanoes 
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of  Guatemala  and  San  Salvador  were  described  in  1868  by 
M.  Dollfuss-Montserrat,  and  Dr.  -Sapper  has  recently  been 
engaged  on  a  series  of  researches  in  this  area. 

There  have  been  comparatively  few  geological  publications 
dealing  with  the  volcanoes  and  volcanic  rocks  of  South 
America  since  the  pioneer  works  of  Humboldt.  Dr.  Alphons 
Stiibel  has,  however,  made  a  special  study  of  the  volcanic 
mountains  of  Ecuador,  and  published  in  Berlin  in  1897  a 
special  monograph  of  the  district,  accompanied  by  a  Geo- 
logical Map.  Dr.  Stiibel  gives  a  summary  of  his  results  in 
the  introductory  chapter,  where  he  represents  his  views  on 
volcanic  phenomena  from  a  general  standpoint.  He  thinks 
it  probable  that  in  the  first  stage  of  the  Earth's  cooling,  out- 
pourings of  magma  occurred  so  frequently,  and  were  of  such 
colossal  dimensions  that  the  older  volcanic  material  had  only 
partially  solidified  when  younger  outflows  burst  forth  and 
spread  above  them.  In  this  way  the  cooling  of  the  older 
magmas  was  indefinitely  delayed,  and  they  continued  as  local 
"  peripheral "  cisterns  or  reservoirs  of  volcanic  material,  occur- 
ring at  very  small  depths  below  the  surface,  and  extremely 
sensitive  to  any  variation  in  the  surrounding  physical  con- 
ditions. Dr.  Stiibel  regards  these  "peripheral"  reservoirs 
as  the  base  of  supply  from  which  present  volcanoes  derive 
their  volcanic  material,  and  he  correlates  the  surface  extent  of 
volcanic  groups  and  the  arrangement  of  the  individual  erup- 
tive vents  or  fissures  with  the  original  shape  and  size  of  the 
respective  areas  of  primitive,  uncooled  magma.  The  force 
which  enables  it  to  rise  again  to  the  surface  resides,  according 
to  Dr.  Stiibel,  in  the  magma  itself,  and  the  region  of  the  least 
resistance  is  the  path  along  which  the  liquid  masses  find  their 
way  to  the  surface.  The  conditions  of  least  resistance,  he 
adds,  are  most  commonly  met  with  at  the  limits  of  different 
kinds  of  rock. 

The  scientific  study  of  the  extinct  volcanoes,  and  especially 
the  exact  petrographical  examination  of  the  products  of  erup- 
tion, has  exerted  a  marked  influence  on  the  theoretical 
explanation  of  volcanic  phenomena.  It  was  only  to  be  ex- 
pected that  exact  knowledge  should  finally  dispose  of  many 
fanciful  hypotheses,  such  as  those  which  explained  volcanic 
action  from  the  burning  of  coal-seams  or  petroleum,  the 
decomposition  of  sulphur  metals  and  other  substances,  from 
electricity,  or  the  local  disengagement  of  vapours. 
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Wider  gcc^raphkal  and  geolc^ical  knowledge  has  ^own 
the  <:arth's  volcanicity  to  be  3  pbenotncnon  of  untvenal  occur- 
rence which  cannot  be  explained  as  a  lesuli  of  occasional  local 
caUstropbes. 

Descartes  had  in  1644  suggested  that  the  friction  of 
inthrown  rock-masses  might  induce  processes  of  fusion,  and 
Franke  in  1756  attributed  vc^canic  outbtcaka  to  local 
shearing  in  the  earth's  crusL  More  recently,  coovcnioii  o( 
mechanical  work  into  heat  was  made  tlte  basts  of  a  hypotbexis 
by  Volgei  in  his  book  entitled  Tie  EitrfA  and  Eternity, 
published  in  1857.  Voider  suggested  that  both  earthquakes 
and  volcanoes  were  caused  by  partial  collapse  and  inthrow  of 
Tock-malerial  superincumbent  upon  subterranean  cavities.  A 
mechanical  theory  of  a  somewhat  different  character  was 
proposed  in  1866  by  Mohr.  He  supposes  that  cciiain 
deep-lying  strata  in  the  earth's  crust  have  lost  their  original 
consistency  either  by  means  of  chemical  decomposition  or 
from  other  causes.  If  these  weaker  layers  be  subjected  to  the 
pressure  of  a  considerable  thickness  of  overlying  rock -de  posits, 
and  ir,  as  in  the  submarine  areas,  ibey  have  to  bear  in  addition 
the  wciglil  of  a  vast  column  of  water,  they  may  l>e  crushed, 
heated,  and  even  in  some  cases  melted  and  ejected  at  lines  of 
crust-fissures.  Mohr  referred  more  particularly  the  submarine 
tuffs  to  this  mode  of  origin.  I'faff  wrote  in  1871  a  paper 
on  "  Volcanic  Phenomena,''  in  which  he  opposed  Mohrs  thuory, 
and  said  that  thermo-dynaniic  action  alone  could  not  generate 
sufficient  heat  to  fuse  rock- masses. 

The  English  physicist,  Robert  Mallet,  made  the  most 
successful  attempt  to  found  a  mechanical  theory  of  vol- 
canicity.  He  assumed  that  the  earth's  crust,  in  consecjuence 
of  a  slow  and  protraclcd  cooling  of  the  globe,  is  now  of 
considerable  ihickiicss.  During  the  earth's  cooling  the  masses 
rniitracted  as  they  solidified,  and  their  contraction  created 
tangential  pressures  through  the  crust.  According  to  Mallei's 
theory,  the  hotter  internal  mass  of  the  earth  cools  and 
contracts  more  rapidly  than  the  crust,  which  is  in  con- 
sci|uence  liable  to  recurring  accidents  of  iucrush  and  inthrow. 
Tangential  pressure  is  resolved  into  vertically-acting  forces, 
and  folds  and  corrugates  the  earth's  crust,  forming  latter  and 
smaller  mountain-chains.  Mssurcs  develop  along  the  hnts  of 
greatest  weakness  In  the  crust,  and  it  is  chiefly  at  these  thai 
the  rocks  give  way  for  long  distances  and  are  crushed  and 
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crumpled.  The  work  effected  by  the  compression  and 
movement  of  the  rocks  is  transmuted  into  heat,  and  under 
local  conditions  of  concentration  of  the  movements  or  sudden 
cessation  and  relief  of  pressure,  the  temperature  of  the  crushed 
rocks  may  arrive  at  the  point  of  actual  fusion.  If  interstitial 
or  descending  surface-water  be  absorbed  by  the  glowing 
rock-masses  in  sufficient  quantity,  its  conversion  into  steam  at 
any  moment  of  diminished  pressure  may  give  origin  to 
explosive  volcanic  phenomena  at  the  surface.  These  are  the 
general  arguments  in  Mallet's  theory  of  volcanicity,  which 
was  strengthened  by  the  author's  elaborate  series  of  experi- 
mental researches  on  the  stresses  required  to  crush  different, 
varieties  of  rock,  and  the  amount  of  heat  that  would  be 
produced  in  each  case  by  this  mechanical  means. 

Mallet's  theory  has  been  contested  by  Justus  Roth  in 
Germany  and  by  Poulett-Scrope  and  Fisher  in  England.  But 
certain  ideas  in  it,  such  as  the  steady  contraction  of  the 
earth's  nucleus  and  its  tendency  to  shrink  away  from  an 
unequally  yielding  crust,  have  proved  distinctly  valuable  in  the 
consideration  of  the  earth's  physics,  and  have  been  variously 
applied  by  later  authors. 

Most  geologists  at  present  look  sceptically  upon  any  theory 
which  derives  volcanic  action  from  the  conversion  of 
dynamical  energy  into  heat  during  crust-movements.  Present 
opinion  associates  volcanic  phenomena  with  the  primitive 
internal  heat  of  the  earth,  and  supposes  rock-magma  to  be 
embodied  in  a  state  of  fusion  within  the  earth's  mass.  This 
was  likewise  the  broad  conception  of  volcanicity  which  was 
held  by  the  ancient  philosophers,  and  by  Athanasius  Kircher, 
Steno,  Buffon,  Dolomieu,  Spallanzani,  Faujas  de  Saint-Fond, 
Von  Humboldt,  Von  Buch,  Poulett-Scrope,  Daubeny,  and 
Lyell. 

The  actual  protrusion  ot  subterrestrial  magmas  into  the 
earth's  crust  or  at  the  surface  was  attributed  by  Cordier, 
Constant  Prevost,  and  Dana  to  the  cooling  of  the  earth's  crust 
and  the  pressure  which  it  therefore  exerts  upon  the  nuclear 
mass.  Professor  Suess  has  applied  the  distinctive  term  of 
"batholite"  to  an  older  massive  protrusion  of  magma 
solidified  as  coarse  crystalline  rock  in  the  deep  horizons  of  the 
crust.  In  1888,  the  same  geologist  in  his  famous  work,  Der 
Anilitz  der  Erdcy  discusses  the  conditions  which  determine 
the  particular  form  of  igneous  protrusion,  whether  as  deeg- 
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sealed  batholiies,  as  laccolites  intruded  at  \-arious  horjions 
between  the  sedimentary  deposits,  as  fissure  eruptions,  or 
volcanic  explosions.  He  summarises  his  views  in  ihc 
following  sentences:  "The  uppermost  peripheral  parls  of  Ihc 
earth's  body  are  held  firmly  arched  in  virtue  of  the  tangential 
tensions.  Either  radial  tensions  or  crust  sagging  causes  a  pari 
of  the  earth's  body  to  split  away  from  the  outer  crust  towards 
the  interior,  and  a  large  cavity  or  macula  forms  more  or  less 
parallel  wilh  the  earth's  surface,  lenticular  in  shape  if  produced 
mainly  by  sagging,  and  wider  if  due  to  radial  fracture.  Thc 
macula  lills  with  lava;  and  if  the  surface  rocks  subjected  to 
tangential  tensions  find  escape  from  them  in  any  direction,  for 
instance  by  a  folding  movement  or  by  the  overthrust  gf 
another  mass  of  rock,  then  the  relieved  portion  of  the  arched 
crust  which  is  immediately  above  the  macula  sinks  into  it  and 
lava  wells  forth  at  the  faults  and  deeper  inthrows"  {loc.  at.. 
vol.  1.,  p.  aao). 

Dr.  Reyer,  in  his  work  TJuerettsehe  Gtologk  (1888), 
groups  batholiies,  laccolites,  domes  (Kuppen),  and  sheets  as 
massive  eruptions,  and  distinguishes  them  from  true  volcanic 
eruptions  associated  with  fragmentary  discharges.  At  the 
same  time  he  allows  that  in  Mexico,  Iceland,  and  in  other 
localities,  massive  intrusions  and  outpourings  occur  in 
combination  with  typical  tuff  volcanoes.  Reyer  contests 
Gilbert's  explanation  of  laccolites  as  intrusions  following  the 
bedding- planes  of  strata;  he  regards  them  primarily  as  surface 
protrusions  contemporaneous  with  the  sedimentary  deposits  in 
association  with  which  they  occur;  and  with  regard  to  the 
apophyses  extending  from  laccolilic  invasions  into  super- 
incumbent strata,  Reyer  says  they  arc  intrusions  altogether 
subsequent  to  the  laccolites.  True  volcanic  mountains  must, 
according  to  Reyer,  include  tutTs  and  loose  fragmental 
products,  but  may  or  may  not  include  lava ;  these  are  piled 
round  the  orifice  and  arranged  as  inclined  successive  layers. 
The  craters  are,  he  thinks,  usually  the  result  of  explosion  ; 
occasionally,  however,  they  arise  from  inthrow.  The  larger 
areas  of  subsidence,  on  which  the  volcanic  mountains  are 
found,  appear  to  have  been  formed  by  rejieated  eruptions. 

It  had  been  recognised  by  Dolomiuu  and  Spallanzani  that 
the  violent  outbursts  from  active  volcanoes  could  not  be 
entirely  due  to  the  pressure  of  the  outer  firm  envelope  of  the 
earth  upon  internal  molten  material.      But,  whereas  Dolomieu 
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suggested  sulphur  as  the  cause  of  fluxion,  Spallanzani  believed 
that  the  expansion  of  vapours  was  the  main  cause  of  the 
explosive  phenomena  of  eruptions,  and  Humboldt  and 
Poulett-Scrope  accepted  and  extended  Spallanzani's  view. 
Scropfe  regarded  the  elastic  vapours  as  original  constituents 
of  the  earth-magma ;  on  the  other  hand,  Humboldt  contended 
that  water  had  passed  down  from  the  surface  through  fissures, 
had  there  come  in  contact  with  the  glowing  magma,  been 
converted  into  steam,  and  absorbed  in  the  magma.  The 
majority  of  later  geologists  agree  with  Humboldt's  explana- 
tion. 

Humboldt  had  chiefly  in  view  the  descent  of  sea- water 
through  crust-fissures,  as  the  geographical  distribution  of 
active  volcanoes  would  suggest,  but  he  by  no  means  excluded 
the  likelihood  that  similar  results  ensue  from  the  percolation 
of  meteoric  water  through  the  rocks.  The  obvious  diffi- 
culty, pointed  out  by  Humboldt  himself,  was  whether  the 
hydrostatic  pressure  of  the  descending  column  of  water  could 
overcome  the  resistance  of  the  vapours  at  high  tension  in 
the  earth's  interior.  Bischof  and  Daubr^e  have  shown  that 
surface  water  may,  in  virtue  of  capillarity  and  the  pressure  of 
its  own  column,  descend  into  the  heated  depths  of  the  earth. 
Angelot  also  concluded  that  the  tension  of  a  column  of  water 
would  at  any  depth  be  overcome  by  the  pressure  of  the 
superincumbent  masses  of  water;  in  his  opinion,  the  ocean 
is  the  source  of  the  vapours  dissolved  in  deep-seated  magma. 
And  Bischof  shows  that  not  only  water-vapour  but  also 
carbonic  acid,  hydrochloric  acid,  and  other  gases  imprisoned 
in  rock-magma  play  a  considerable  part  in  eruption. 

In  more  recent  geological  writings,  Reyer  has  investigated 
the  question  of  supply  in  reference  to  the  constituents  of 
molten  magmas,  and  his  conclusions  are  in  agreement  with 
those  of  Angelot,  Fourier,  and  Poulett-Scrope.  According  to 
Reyer,  at  the  formation  of  the  earth,  not  only  vapour  of  water, 
but  many  other  gases  and  liquids  were  intermixed  with  the 
material  matter  of  the  earth,  and  these  have  been  preserved  in 
it.  The  continual  separation  of  the  less  fusible  parts  from  the 
magma  is  always  accompanied  by  the  escape  of  gases.  These 
are  absorbed  by  the  liquids  with  which  the  magmas  are 
soaked,  and  owing  to  a  relief  of  superincumbent  [)ressure,  the 
liquids  may  at  any  time  vaporise  and  the  magma  may  be 
ex[)ellcd  towards  the  surface  in  fluid  condition.     Experiments 


38o      HISTORY   OF   CEOLOCV  AND   PAL^IIONTOLOGV. 

were  made  by  Hoclistetier,  Suess,  and  Rcycr  on  molten 
sulphur  and  other  substances  which  absorb  gases  in  large 
quantities,  and  during  the  process  of  cooling  from  the  motien 
condition,  the  csciipe  of  the  gases  vas  accompanied  by 
explosive  phenomena.  Under  certain  circumstances,  at  the 
places  of  explosion  conical -shaped  masses  formed  resembling 
those  of  volcanic  mountains. 

F.  £'rtA-/:4?«fiirt.— Earth<|uakcs  may  arise  in  the  solid  cru^t 
(ir  in  still  deeper  horizons  of  the  earth.  They  accom|iany  all 
the  more  violent  eruptions,  but  they  may  lake  place  quite 
independently  of  volcanic  phenomena.  Records  of  earth- 
quakes have  been  handed  down  from  the  earliest  times,  but 
the  classical  and  mediseval  writers  confined  themselves  to  the 
descriptions  of  the  leading  natural  phenomena,  and  the 
catastrophes  and  terrifying  effects  produced  by  earthquakes  on 
people  anij  animals.' 

Scientific  research  of  earth-tremors  may  l>e  said  to  have  com- 
menced in  the  lii'ginning  of  the  eighteenth  century,  and  had 
already  progressed  su  far  that  Hoffwas  able  to  compile  an  ex- 
cellent monograph  uf  earthquakes  for  t!ie  second  volume  of 
his  work.  Another  good  account  of  the  phenomena  and 
effects  of  earthquakes  was  published  in  I'riedrich  Hoffmann's 
posthumous  works  (1S2S).  An  essay  by  l>r.  Kries  upon  the 
origin  of  earthquakes  was  awarded  a  prize  at  Leipzig  in  1827. 
Naumann's  Text-book  of  Geo^noiy  contained  a  complete 
rtsiimi  of  all  the  scientific  facts  about  earthquakes  known 
before  1850.  So  exhaustive  was  Naumann's  account  that 
I^ndgrebc  could  bring  forward  little  additional  knowledge 
in  his  Natuf^schichle  dcr  Vulkane  tind  Eidhehtn  (vol.  ii., 
iSS4). 

■■        rriiin^js  of  the   nineteenlli   century  follow 

iboKIt  in  representing  earthquakes  and  vol- 
ni.T  111  festal  ions  of  the  same  set  of  causes, 
earthquakes  as  "  Reactions  of  the  earth's 
:  solid  crust,"  and  volcanoes  as  "Safety- 
.■di^ile  tieighlmurhood  of  sucli  disturbances, 
iiade  a  s|icci:i]  study  of  the  earth-tremors 
;    yc.irs     iS5Q-5;,    sujiporled     Humboldt's 
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standpoint,  and  placed  great  importance  on  evidences 
of  the  interchangeable  relations  subsisting  between  earth- 
quakes and  volcanoes.  Naumann  contended,  in  opposition 
to  Humboldt's  generalisation,  that  certain  earthquakes  might 
be  tenned  plutonic,  in  so  far  as  they  occurred  independently 
of  volcanic  influences;  Von  Seebach  also  attributed  earth- 
quakes in  some  instances  to  local  disturbances  of  crust- 
equilibrium,  not  necessarily  associated  with  the  earth's 
volcanicity.  Since  Humboldt's  famous  description  of  the 
Cumana  earthquake,  great  advances  have  been  made  in  the 
knowledge  of  the  geographical  distribution  of  earthquakes, 
the  methods  of  determining  the  position  of  seismic  foci,  and 
the  rate,  the  intensity,  and  the  mode  of  propagation. 

One  of  the  most  indefatigable  bibliographers  of  earthquake 
phenomena  was  Professor  Alexis  Perrey  in  Dijon.  Between 
the  years  1841  and  1874  Perrey  collected  statistics  of 
earthquakes  extending  back  for  more  than  fifteen  centuries. 
Jn  England,  Robert  Mallet  and  his  son  J.  W.  Mallet 
published  an  Earthquake  Catalogue  for  the  period  1606- 
1858;  Muschketow  collected  the  data  of  the  Russian  and 
Central  Asiatic  earthquakes;  in  Germany,  Hoff  and  IJcrg- 
haus  published  in  1841  a  catalogue  of  volcanic  eruptions 
and  earthquakes,  and  C.  W.  Fuchs  kept  a  regular  chronicle 
of  observations  from  1873  to  1885;  Volger  published  a 
careful  account  of  the  Swiss  earthquakes,  together  with  some 
notes  on  the  periodicity,  propagation,  and  extension  of  the 
shocks. 

Italy,  so  frequently  the  scene  of  destructive  cartlujuakcs, 
possesses  in  I)e  Rossi,  the  founder  of  '*  underground 
meteorology,"  a  historian  of  equal  rank  with  Perrey.  l)e  Rossi's 
chief  work,  published  1879-82,  comprises  his  own  valuable 
observations  and  regular  records  kept  for  several  decades  in  the 
seismological  observatory  which  he  erected  at  Rocca  di  Pa[)a 
in  the  Alban  mountains. 

Baratta  carefully  compiled  all  the  records  of  the  terrible 
earthquake  in  the  year  1627,  which  devastated  the  peninsular 
area  of  Monte  Ciargano.  The  Nea[)olitan  earthquake  of 
1857  was  recorded  in  a  masterly  and  suggt^stive  j)aper  by 
Mallet.  The  violent  shocks  during  the  last  decades  of  the 
nineteenth  century  at  Belluno  (1873),  Ischia  (1883),  and 
Liguria  (1887),  have  been  made  the  subject  of  a  large  number 
of  publications  by  foreign  geologists  and  meteoroloc^ists.     A 
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voluminous  literature  now  exists  on  earthquakes  and  slight 
tremors  experienced  in  Europe  during  the  last  quarter  of  the 
nineteenth  century,  special  commissions  having  been  appointctl 
in  most  countries  to  keep  a  record  of  observations. 

In  Great  Britain,  Professor  James  Geikie,  Davison,  and 
White  continue  the  work  of  K.  and  J.  W.  Mallet,  and  there  is 
no  lack  of  observations  in  North  America,  Guatemala,  Mcnico, 
India,  AustraUa,and  Africa,  Seismological  studieswere  initiated 
by  Dr.  E.  Naumann  and  Dr.  Knipping  in  Japan,  and  the  ncwa 
reports  of  Dr.  Milne,  Koto,  Sekiya,  and  others  in  the 
Transactions  of  the  SeismohgUal  Society  of  Japan,  contain  full 
accounts  of  the  earthquakes  in  these  localities. 

Of  late  years  very  delicate  seismometers  have  been 
invented,  by  the  use  of  which  it  has  been  possible  to  obtain 
accurate  records,  not  only  of  violent  shocks  but  of  ftnef 
pulsations  and  tremors  imperceptible  to  human  sensation. 
Caccialore  of  Palmcro  used  as  a  seismometer  a  shallow  shell 
filled  with  quicksilver,  and  having  a  number  of  notches  iit 
regular  distances  round  the  edge ;  small  cups  were  placed 
below  the  notches,  and  in  the  event  of  any  movement  of  the 
shell,  the  quicksilver  escaped  into  these  cups  and  could  be 
weijihed  as  a  measure  of  the  intensity  of  the  shock.  This 
simple  apparatus  was  replaced  by  numerous  others  of  much 
more  comjilicated  construction,  which  sometimes  applied  the 
pendulum,  and  were  sometimes  made  self-registering  by 
specially  devised  clock-work.  Thanks  to  many  ingenious 
inventions,  meteorological  science  now  possesses  a  wealth  of 
observations  on  the  frequency,  continuance,  periodic  recur- 
rence, and  geographical  distribution  of  earthquakes,  as  well  as 
on  the  mode  of  transmission,  direction,  intensity,  rate  of 
propagation,  and  character  of  the  shocks.  (Geologists  have 
concerned  themselves  more  with  the  destructive  effect,  the 
surface  deformation  and  geological  action  of  crust -tremors, 
and  with  the  modifying  influence  exerted  by  the  various  kinds 
of  rock  upon  the  intensity  and  transmission  of  carth- 
movcmenls. 

Mallet,  Von  Seeliach,  Von  Lasaulx,  and  Dutlon  proposed 
various  methods  of  ascertaining  the  area  of  impulses  during 
an  earthquake.  JSolh  Mallet  and  Seebach  concluded  from 
geometrical  methods  that  the  seismic  focus  was  at  a 
comparatively  small  depth  below  the  surface,  but  this  result,  so 
far  from  having  been  confirmed,  seems  to  be  contradicted  by 
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Whitney's  observations  in  California,  by  Wynne's  in  the  Punjab, 
and  by  Heim's  in  Switzerland. 

Perrey*s  long  historical  catalogue  of  earthquakes  was 
intended  in  the  first  instance  to  determine  how  far  earth- 
tremors  had  been  encouraged  by  the  particular  times  of  the 
day,  or  seasons  of  the  year,  or  by  the  disposition  of  the  earth 
with  reference  to  other  heavenly  bodies.  The  results  are  not 
altogether  satisfactory,  for  although  they  prove  greater 
frequency  of  earth-tremors  in  winter  and  autumn  than  in 
other  seasons,  no  definite  law  can  be  induced.  Neither  do 
the  statistics  give  any  confirmation  of  the  idea  that  the 
occurrence  of  earthquakes  may  have  some  connection  with 
meteorological  conditions.  On  the  other  hand,  they  led 
Professor  Perrey  to  conclude  that  an  explanation  of  earthquakes 
might  be  found  in  the  varying  attraction  of  the  moon  at  its 
different  phases. 

He  supposes  the  earth's  crust  to  be  as  uneven  on  its  inner 
concave  surface  towards  the  nucleus  as  upon  its  outer  surface ; 
that  under  the  attraction  of  the  moon  the  hot  nucleus  swells 
upward  in  wave-like  form  and  presses  against  the  weakest 
parts  of  the  crust,  with  the  result  that  the  terrene  impulse  is 
transmitted  through  the  crust  as  an  earthquake. 

Dr.  Rudolf  Falb  in  1869  independently  formulated  a  theory 
of  earthquakes  similar  in  character,. but  more  fully  elaborated 
than  that  of  Professor  Perrey.  Dr.  Falb  connects  high  tidal 
waves  of  the  earth's  magma  with  the  attractions  exerted  upon 
the  earth  by  the  sun,  the  moon,  and  other  heavenly  bodies, 
and  he  therefore  thinks  it  possible  to  foretell  from  astronomical 
calculations  "critical"  days  or  periods  on  which  violent 
seismic  disturbances  will  take  place.  A  general  connection 
between  solar  and  lunar  attraction  and  the  occurrence  of 
earthquakes  is  accepted  by  a  considerable  number  of 
astronomers  and  geologists,  amongst  others,  by  J.  Schmidt, 
C.  F.  Naumann,  Von  Lasaulx,  Pilar,  and  others.  But  several 
authors  have  disputed  Dr.  Falb's  theory.  One  main  conten- 
tion is  the  uncertainty  regarding  the  actual  condition  of  the 
earth's  nucleus;  many  physicists  and  geologists  now  believe 
that  the  nucleus  is  practically  solid,  and  that  molten  rock- 
magma  can  only  be  present  under  certain  definite  conditions 
of  depth  and  pressure,  and  is  necessarily  of  limited  distribution 
in  the  earth's  mass. 

Friedrich  Hoffmann  had  distinguished  different  kinds   of 
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uarth'juakes  according  to  tlieir  field  of  action  ns  tuetutthf  oi 
vertical,  unaulaiory  or  wave-like,  and  rotatory  or  whirled. 
Ac  [he  present  day,  earthquakes  are  usually  classified  as 
central  and  linear;  in  the  case  of  "central"  earthquakes  the 
undiilalory  movements  radiate  from  a  seismic  focus  towards 
all  directions;  in  the  case  of  "linear"  earthquakes,  the 
movements  are  limited  to  long  strips  of  the  cru&L  Von 
Seebach  termed  the  subterranean  origin  of  an  earthquake  the 
"seismic  centre";  the  median  point  at  the  surface  within  a 
region  of  earthquake  shock  he  termed  the  "epicentrum" — at 
this  point  the  shock  manifesting  itself  chiefly  by  up  and  down 
motion;  and  to  the  imaginary  lines  drawn  through  all  points 
simultaneously  affected  by  the  shock,  he  gave  the  name  of 
"homoseisms"  or  "isoseisms."  But  it  has  to  be  remembered 
that  a  definite  central  point  of  origin  has  only  been  determined 
in  a  few  cases.  Generally  the  seismic  centre  or  focus  has 
been  ascertained  to  be  in  point  of  fact  an  underground  area 
from  which  concussions  are  propagated  vertically  along  a 
large  number  of  parallel  lines,  which  Mallet  has  called 
"  Seismic  Verticals."  Undulalory  impulses  are  also  transmitted 
obliquely  through  the  surface,  the  intensity  of  the  shock  at  the 
surface  diminishing  in  proportion  as  the  angle  of  emergence 
increases.  In  the  case  of  the  Agram  earthquake  in  1880,  a 
large  surface  area  was  affected  by  x'ertical  movements  of 
almost  equal  intensity,  showing  that  the  underground  focal 
area  was  of  considerable  extenL 

The  leading  geological  authorities  now  associate  earthquake 
shocks  with  manifestations  of  volcanism,  trust  collapse,  or 
tectonic  crust-movement,  liarlhquakcs  as  a  rule  precede  or 
accompany  the  eruptions  of  active  volcanoes,  but  they  often 
occur  in  volcanic  districts  when  there  is  no  actual  discharge 
from  volcanic  vents.  The  earthquakes  which  have  been 
directly  traced  to  crust  subsidences  were  of  small  extent  and 
intensity.  And  it  is  now  widely  accepted  that  most  earth, 
quakes  which  occur  in  non-volcanic  districts  are  originated  by 
dislocations  and  movements  in  the  earth's  crust. 

In  two  suggestive  papers  (1873-74)  ""  '!"-'  Earthquakes  of 
Lower  Austria  and  Southern  Italy,  Professor  Suess  showed 
conclusively  that  eanhqu.akes  occur  along  the  lines  of  tec- 
tonic movement  in  a  mountain-system,  and  quite  irres|»cctive 
of  any  volcanic  phenomena.  Iloernes  contributed  several 
inlerosling    papers    on    tectonic    tremors,   demonstrating    by 
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specific  examples  the  frequency  of  earthquakes  along  narrow 
tracts  or  over  areas  which  have  been  the  seat  of  important 
crust-movements  of  displacement,  fracture,  or  subsidence. 
Toula  proposed  the  distinctive  name  of  "dislocation  earth- 
quakes" to  such  as  accompanied  the  grander  movements  in 
the  earth's  crust. 

Gilbert  in  California,  Griesbach  in  Beloochistan,  Koto  in 
Japan,  and  other  observers  have  proved  the  origin  of  extensive 
fissures  at  the  earth's  surface  as  a  consequence  of  recent 
earthquakes.  Permanent  changes  in  the  surface  conformation, 
especially  subsidences,  have  very  often  been  reported  as  a 
chief  factor  in  the  catastrophes  caused  by  earthquakes.  In 
the  fearful  earthquake  at  Lisbon,  the  quay  sank  into 
the  sea  with  all  the  ships  anchored  in  it  and  thousands  of 
people  on  its  margin.  During  the  Calabrian  earthquake,  in 
the  year  1783,  more  than  two  hundred  lakes  and  morasses 
were  formed.  In  the  year  1819,  according  to  Lyell,  an 
earthquake  at  the  eastern  river-mouth  of  the  Indus  converted 
an  area  2000  square  miles  in  extent  into  a  lake ;  on  the 
Mississippi  flats,  in  China,  Syria,  and  Chili,  earthquake 
inthrows  have  been  recorded. 

It  has,  however,  rarely  happened  that  the  ground  has  been 
elevated  in  consequence  of  the  passage  of  an  earthquake. 
The  best  known  accounts  of  elevations  come  from  Chili,  and 
were  accepted  as  trustworthy  by  no  less  an  authority  than 
Charles  Darwin ;  Professor  Suess  regards  them  as  of  doubtful 
integrity,  and  C.  W.  Fuchs  affirms  that  since  earthquakes  and 
their  phenomena  and  consequences  have  been  observed  with 
scientific  accuracy,  not  a  single  case  of  ground-elevation  has 
been  authoritatively  recorded. 

G.  Secular  Movements  of  Upheaval  and  Depression, — The 
study  of  the  sedimentary  deposits  of  past  geological  epochs 
reveals  conclusively  that  vast  changes  have  repeatedly  taken 
place  in  the  distribution  of  land  and  sea  upon  the  face  of  the 
earth.  But  it  is  difficult  to  determine  what  changes  are  now 
in  progress,  whether  certain  parts  of. the  earth's  land  surfaces 
are  being  at  present  elevated  or  depressed,  or  whether  oceanic 
variations  are  accomplishing  changes  in  the  relative  level  of 
land  and  sea.  It  seems  almost  impossible  to  record  slow 
movements  in  the  interior  of  the  continents,  and  the 
topographical  maps  render  little  assistance  in  this  res^ect^  as 
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it  is  only  a  century  since  measurements  of  height  have  been 
taken  in  sufficient  number  ami  with  sufficient  accuracy  to 
afford  secure  data  for  comparison.  For  geological  processes  a 
hundred  years  is  a  period  of  as  small  significance  as  a  single 
second  in  the  history  of  mankind. 

It  is  easier  to  determine  variations  of  level  at  sea-coasis, 
but  even  there  it  is  ofien  doubtful  whether  a  change  of 
relative  level  is  due  to  displacements  of  the  land  or  of  the 
ocean ;  and  the  observer  has  to  be  careful  not  to  mistake  for 
secular  movements  any  of  the  cITccls  of  sedimentation  in 
heiglitening  the  land,  or  of  marine  erosion  and  subaerial 
denudation  in  breaking  down  the  coast.  The  occurrence  of 
submerged  forests  and  beds  of  peat,  old  roads  and  other 
human  structures  on  the  sea-floor  are  among  the  more  secure 
evidences  of  a  depression  of  the  land  or  uprise  of  the  water. 
On  the  other  hand,  remains  of  harbour  and  pier  con- 
structions, and  fragments  of  vessels  found  at  a  height  above 
the  existing  sea-level,  or  at  some  distance  inland,  give  evidence 
of  a  secular  movement  of  land-elevation  or  retreat  of  the  sea 
within  historic  ages.  Former  coast-lines  and  terraces  can 
sometimes  be  identified  many  hundred  feet  above  the  present 
surface  of  the  ocean.  The  exposure  of  delta  deposits  is 
usually  regarded  as  a  sign  of  land  elevation,  whereas  long 
narrow  fiords  occurring  as  the  continuation  of  river-valleys 
towards  the  sea,  are  regarded  as  proofs  that  a  coast  is 
undergoing  subsidence. 

The  oldest  direct  observations  on  relative  changes  of  level 
were  made  in  Scandinavi.i.  Hjiirne  observed  in  i  702  that  the 
Swedish  coasts  were  frequently  extended  in  consequence  of  a 
retreat  of  the  sea,  and  Celsius  and  I.innajus  afterwards  made 
investigations  on  the  rate  of  retreat  by  means  of  boundaries 
and  marks  on  the  rocks  at  Gefle  and  Kalmar.  Celsius  in  1 743 
read  his  memorable  paper  at  the  Swedish  Academy  of  Science, 
in  which  he  argued  that  the  volume  of  water  in  the  oce.in  was 
diminishing.  He  calculated  the  sinking  of  the  ocean  surface- 
level  at  forty-five  inches  in  a  century.  Linnseus  supported 
the  views  of  Celsius,  but  Bishop  IJrowallius  (1756),  E.  D. 
Runcberg,  and  the  Danish  scientist,  Jessen  {1763),  opposed 
them.  E.  !>.  Runcberg  argued  that  the  changes  on  the 
Swedish  coa^.!  were  due  to  elevation  of  the  land  in  consequence 
of  e.irthquakcs. 

The  itcotlrsh    mathematician,  Professor   I'layfair,    in    1801 
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raised  an  important  objection  to  the  theory  of  Celsius  by 
pointing  out  that  if  the  changes  were  really  due  to  the  lowering 
of  the  ocean-surface,  the  diminution  should,  according  to 
hydrostatic  laws,  take  place  quite  uniformly,  and  this  was 
apparently  not  the  case.  Playfair  therefore  attributed  the 
changes  to  an  elevation  of  the  land  in  consequence  of  subter- 
ranean forces.  Leopold  von  Buch  also  formed  the  opinion 
that  the  Swedish  coasts  were  rising,  but  neither  in  his  work  in 
1807,  nor  in  Karl  von  Hoff's  historical  and  critical  reviews  in 
1834,  was  any  explanation  suggested  as  to  the  causes  of  the 
movements. 

The  Stockholm  Academy  appointed  a  Commission  to  inquire 
into  all  the  evidences,  and  the  reports  in  1820  and  182 1 
entirely  corroborated  the  scientific  account  of  a  general 
extension  of  large  coastal  tracts.  The  upraised  mussel-beds 
near  Uddewalla,  on  the  west  coast  of  Sweden,  and  the  raised 
beaches  with  marine  shells  in  Norway,  had  been  cited  by 
Buch,  Brongniart,  and  Lyell  as  proofs  of  land  elevation. 
Yet  the  chemist.  Professor  Jacob  Berzelius,  in  1835  adhered 
to  the  older  view;  he  connected  the  changes  along  the  coast 
with  sinking  of  the  sea-level  in  consequence  of  the  cooling  of 
the  earth  and  contraction  of  the  crust.  In  1837,  Professor 
Keilhau  in  Christiania  collected  all  the  observations  that  had 
been  made  on  coast  movement  in  Norway,  and  calculated  from 
them  that  the  land  had  risen  470  to  600  feet  since  the  Diluvial 
epoch. 

A  French  expedition  was  sent  to  Scandinavia  and  Lapland, 
and  Dr.  E.  Robert,  the  geologist  attached  to  it,  was  enabled 
to  add  to  Keilhau's  summary  a  number  of  supplementary 
observations  in  Finland  and  Lapland.  It  was  thus  proved 
that  raised  beaches  and  terraces  extended  throughout  all  the 
northern  part  of  Scandinavia.  Bravais,  another  member  of 
the  French  expedition  during  a  prolonged  stay  in  Finland, 
followed  the  remains  of  former  coast-lines  between  the  Alten 
Fjord  and  Hammerfest,  and  in  his  papers  published  1842-43 
he  described  in  the  Alten  Fjord  two  successive  terraces  which 
were  not  parallel  with  one  another,  but  converged  towards  the 
coast  and  showed  several  variations  of  height  at  their  different 
parts.  This  observation  was  declared  by  Naumann  in  his 
text-book  to  be  incontestable  proof  that  the  coast  had  been 
elevated.  Considerable  doubt,  however,  was  thrown  upon 
Bravais's  observations  a  few  years  later  by  Robert  Chamb^i^ 
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io  an  important  wofk  on  Anmnt  Sea-Mar^ni.  The  Chns- 
lianb  ProTessor,  Tbeodatv  Kjcrolt^  in  1371-73  also  qucsiioned 
some  of  Brarais's  obsen'aiionsi  alihougb  be  in  00  way  dU- 
sentcd  from  the  opinion  (tut  itte  Und  bad  \>evn  elc^-alcd. 
Frorcssor  Scxc  in  Cbristtania  sought  an  «x[jl]njlion  of  the 
phenomena  in  glada]  action,  but  HI  Mohn  and  K.  I'vttcrscn 
in  several  papers  published  between  1S70  and  1S80  refuted 
this  EUggestion,  and  added  many  new  d^ta  in  confinnation  of 
land  elevatiorL  Dr.  Peitenen  shored  that  the  Norwcgtaxi  raised 
beaches  and  terraces  occurred  at  higher  and  higher  Icvch  llie 
farther  inland  they  were  found,  and  that  (lie  bigheit  plaifunns 
vere  siiuated  at  the  upper  end  of  the  deep  fjords. 

The  Swedish  geologist,  De  Geer,  conltrmed  this  obsen-ation 
both  in  Norway  and  Sweden,  and  drew  up  a  chart  oi  curves  cxxi- 
necling  all  the  raised  beaches  of  the  same  heigbL  TIksc  curves 
he  termed  "  iso-anabases,"  and  found  that  they  fornied  a  series 
of  ellipses  whose  major  axis  almost  coincided  wiih  the  water- 
shed Iwtween  Sweden  and  Norway.  I>e  Geer  conc!ud<^ii  that 
Scandinavia  had  been  slowly  upheaved  since  the  Ice  .\i;e,  the 
cxtunt  of  the  ujilicaval  cxceedtni;  600  feet  in  the  cenirnl  artas  of 
the;  country.  iSut  he  thought  certain  facts  indicated  ihai  there 
had  !jeen  a  slight  niovfrnunt  of  subsidence  l>etween  a  j)triod  of 
maximum  upheaval  and  tlie  present  epoch  of  elevation.  U'hile 
it  H-.is  in  Scandinavia  that  crust  movements  now  in  progress 
fltst  attracted  the  attentinn  of  scientific  men,  keen  interest  was 
aroused  in  Scotland  by  analogous  examples  of  upraised  niussL-l- 
bcds  and  beaches  (the  "parallel  roads").  As  early  as  1806, 
Jameson  had  observed  deposits  containing  the  shells  of  recent 
molluscs  at  some  height  on  the  shores  of  the  Firth  of  Forth 
and  the  Firth  of  Clyde,  but  published  no  account  of  them 
until  18J5.  Afterwards  several  geologists  exaniiiied  them, 
amongst  others  I'rcstwich  and  Robert  Chambers.  The 
traces  of  ancient  sea  margins  far  inland  were  first  recog- 
nised by  MacC'ulloch,  and  have  since  been  described  by 
Charles  Darwin,  Agassi/  the  elder,  Murchison,  Auckland, 
l.yell,  and  more  recently  by  J.  (leikie.  Almost  without 
exce|ition  all  observers  agree  in  regarding  them  as  proof  of 
recent  elevation  of  the  land. 

Similar  evidences  of  elevation  occur  in  Ireland,  Fngland, 
Finland,  on  the  coast  of  the  While  Sea,  on  the  islands  of 
S]iil/.hcrgt-ii  and  Nov.iia  Zenililia,  on  the  coasts  of  Siberia, 
(ireenland,    on    the    eastern    and    western   coasts   of    North 
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America,  in  Patagonia,-  the  Argentine  Republic,  Chili  and 
Peru,  and  at  the  southern  extremities  of  Australia  and 
Africa- 
Darwin,  in  founding  his  Coral-reef  theory,  assumed  that  a  slow 
subsidence  had  taken  place  over  a  vast  region  of  the  Pacific 
and  Indian  Oceans.  In  spite  of  a  very  large  number  of  data, 
however,  it  has  not  been  possible  to  formulate  any  definite  law 
of  secular  variations.  Movements  of  elevation  and  depression 
are  reported  in  various  latitudes,  and  are  frequently  known  to 
take  place  in  opposite  senses  at  localities  adjacent  to  one 
another.  When  Dana  in  1849,  from  his  observations  in  the 
Pacific  Ocean,  concluded  that  elevation  was  in  progress  in  the 
region  around  the  North  Pole,  and  subsidence  in  the  areas 
near  the  Equator,  he  formed  his  opinion  upon  insufficient 
data.  The  general  truth  has,  however,  been  established,  that 
relative  changes  of  level  are  still  in  progress  along  many  of  the 
coastlines,  and  that  since  the  Diluvial  epoch  dislocations  have 
been  produced,  measuring  300-1500  feet.  In  many  cases 
these  movements  are  slowly  and  imperceptibly  accomplished, 
in  others  they  occur  with  convulsive  suddenness.  Sartorius 
von  Waltershausen  in  1845  distinguished  the  former  as 
Secular^  the  latter  as  Instantaneous  fluctuations  of  ground- 
level. 

Von  Humboldt  and  Von  Buch  had  directed  attention 
to  local  movements  of  land  in  connection  with  volcanoes  and 
earthquakes,  and  the  example  of  this  character  most  frequently 
cited  in  literature  is  the  temple  of  Serapis  at  Pozzuoli,  in 
the  Bay  of  Naples.  The  columns  of  the  ruined  portico  are 
marked  by  the  borings  of  a  marine  mollusc  at  a  height  of 
thirteen  feet  above  the  present  surface-level  of  the  Bay.  In 
1803,  Breislak  in  the  French  edition  of  his  text-book  explained 
the  phenomenon  on  the  hypothesis  that  the  Serapeum  had 
subsided  and  had  remained  for  a  period  stationary  at  the 
water-level  indicated  on  the  pillars  by  the  mollusc  borings,  but 
that  afterwards  a  period  of  emergence  and  uprise  had  succeeded. 
This  explanation  was  strongly  opposed  by  Wolfgang  von 
Goethe.  The  great  poet  would  not  listen  to  any  arguments 
in  favour  of  oscillations  of  level;  in  his  opinion,  the  former 
submersion  of  the  temple  had  been  due  to  an  enormous  flood. 
Breislak's  view  has,  however,  been  supported  by  several 
leading  British  scientists,  Babbage,  Forbes,  Poulett-Scrope, 
and   Charles    LyelL      The   excellent    treatise    published    by 
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Babbage  in  1834  has  proved  a  reference  wort  of  permanent 
value.  Lyell  u  ed  it  freely  for  his  discussion  of  Ihc  subject 
in  his  PriuiipUs.  Continental  authors  of  repute,  Hoffmann 
(1S33),  Scacchi  (1849),  also  accepted  the  explanation  of  alter- 
nating movements,  and  the  Serapeuni  became  a  recognised 
example  in  the  text-boots  of  "instantaneous"  change  of  leveL 

Antonio  Niccolini  made  observations  for  several  decades. 
and  wrote,  between  1838  and  1846,  a  series  of  papers  in  which 
he  contended  that  the  submersion  of  the  Serapeum  had  not 
been  due  to  any  movement  of  the  land,  but  to  a  rise  tn  the 
water-level  of  the  ocean.  Professor  Suess  has  arrived  at  the 
same  conclusion  as  NiccoHni;  he  points  out  that  the  changes 
of  level  at  Fozzuoli  were  limiied  to  the  area  of  the  Phlegrean 
volcanic  cones,  and  argues  Ihat  after  a  slow  rise  of  the  water- 
level  throughout  many  centuries,  there  came  during,  or 
immediately  after,  the  eruption  which  formed  Monte  S'uovc 
{1538),  a  sudden  lowering  of  the  water-level,  so  that  the 
temple  ruins  were  once  more  fully  exposed. 

Other  cases  of  insl.intaneous  uprise  have  been  reported  from 
the  western  coast  of  South  America.  The  first  account 
apjieared  in  a  Itttcr  from  a  lady,  Mrs.  Maria  Graliam,  to  the 
Geological  Society  of  London.  The  letter  relates  hoH",  aftor 
the  Valparaiso  earthquake  in  November  1822,  a  long  strip  of 
the  coast  of  Chili  rose  three  or  four  feet  above  the  sca-levei. 
The  German  traveller,  Poppig,  heard  confirmatory  evidence 
from  the  fishermen  of  the  district  when  he  visited  the  Bay  of 
Concon  in  rSi?.  Charies  Darwin  and  Captain  I'"il/roy 
witnessed,  in  1835,  a  violent  earthquake  in  Chili,  and  ihey 
reported  local  elevations  of  eight  or  nine  feet  along  disloca- 
tions that  formed  in  the  district  of  Concepcion  and  Valdivi.i. 
Darwin  also  observed  raised  beaches  and  terraces  at  various 
hcifibls  on  (he  coasts  of  Chili,  some  of  them  1,500  feel  above 
sea-level,  and  he  came  to  ibc  conclusion  that  sudden  eleva- 
tions of  land  had  followed  the  earthquakes  so  freiiuently 
associated  with  volcanic  activity  in  that  neighbourhood.  U[ton 
the  basis  of  his  direct  observations  in  Chili,  Darwin  founded 
his  bold  theory  of  the  uprise  of  continents  and  mountain- 
systems  by  successive  sudden  elevations  due  to  volcanic 
forces. 

Ever  since  oscillations  of  level  have  been  observed,  there 
have  been  difTercnces  of  opinion  regarding  the  cause  or  causes. 
Strabo  doubted  as  little  in  the  elevation  of  islands,  mountains. 
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and  portions  of  the  continents,  as  in  the  collapse  and  sub- 
mergence of  larger  and  smaller  areas  of  the  land  Athanasius 
Kircher  gave  circumstantial  descriptions  of  sunken  islands 
(Atlantis),  and  of  lands  raised  from  the  ocean-floor.  In  the 
eighteenth  century,  De  Maillet  and  Buffbn  ascribed  changes 
of  surface  conformation  to  gradual  diminution  of  the  ocean 
volume,  while  Lazzaro  Moro  tried  to  explain  the  double 
aspect  of  emergence  of  land  and  ascent  of  the  water-level  by 
means  of  volcanic  catastrophes.  The  Swiss  investigator,  J.  G. 
Sulzer,  in  1746  suggested  the  possibility  that  the  position  of 
the  earth's  centre  of  gravity  was  affected  by  the  variable  dis- 
tribution of  surface  material;  and  Justi,  in  1771,  believed  in 
**  wanderings  "  of  the  Pole. 

In  1702,  the  Swedish  physicist  Hjarne  had  introduced  the 
method  of  direct  observation  by  having  marks  hewn  on  the 
rocks  of  the  coast,  and  thus  paved  the  way  for  the  definite 
knowledge  obtained  in  the  case  of  the  Scandinavian  move- 
ments. Scientific  opinion  then  wavered  between  two  chief 
parties,  the  one  believing  with  Celsius  in  the  lowering  of  the 
ocean-level;  and  the  other  and  stronger  party  following  Hutton, 
Playfair,  Buch,  Lyell,  and  others  in  ascribing  the  relative  changes 
of  level  to  upheaval  of  the  land  associated  with  subterranean 
volcanicity.  Bischof,  although  he  expressed  in  the  chapter 
on  "  Heat "  his  agreement  with  the  Huttonian  Theory  of 
Expansion,  afterwards  attributed  secular  movements  more 
especially  to  alternating  expansion  and  diminution  of  volume 
produced  in  deep-seated  rocks  by  chemical  transformations. 
Following  this  direction  of  thought,  Volger,  Mohr,  and  Vogt 
thought  that  the  originally  sedimentary  rocks  of  Scandinavia 
had  been  transformed  into  crystalline  rock,  and  had  under- 
gone an  expansion  of  volume  during  the  process  of  crystallisa- 
tion. 

The  French  mathematician,  Adhdmar,  was  the  first  scientist 
who,  in  seeking  an  explanation  for  crust-movement,  considered 
the  earth  in  its  cosmogenetic  relations.  He  regarded  the 
influence  of  the  earth's  internal  heat  as  quite  irrelevant  to  the 
climatic  conditions  at  the  earth's  surface;  these  he  attributed 
wholly  to  the  action  of  the  sun's  heat,  and  investigated  the 
varying  positions  of  the  earth  relatively  to  the  sun,  with  a  view 
to  explaining  the  recurrence  of  Ice  Ages  and  also  the  associated 
periodic  rise  and  retreat  of  the  ocean.  Research  in  this 
direction  thirty  years  later  was  greatly  advanced  b^  ^^m^^ 


iM  V.1I  .>u)jpoiLua  ny  ::5ir  iiciiry  lloworth,  whose 
land  is  rising  at  both  the  Poles  and  contracin^ 

From  the  actual  distribution  of  the  geolo^ 
Dr.  Trautschold  inferred  the  probable  conditio 
surface  during  past  epochs,  and  argued  that  the 
in  the  ocean  has  gradually  been  diminishing, 
causes  of  diminution,  he  specified  the  accumu 
of  snow  and  ice  on  land  areas,  the  formatioi 
and  rivers,  the  absorption  of  water  in   cons 
hydration  of  rock-forming  minerals,  and  the 
water  in  the  organic  world      Dr.  Trautschol 
contested  movements  of  crust-elevation,  but 
cases  of  so-called  secular  upheaval  explicable 
of  the  ocean-level 

Professor  Eduard  Suess  introduced  quite  ne 
discussion  of  secular  movements.  In  1875,  in 
origin  of  the  Alps,  he  attributed  the  elevation 
navian  Peninsula  to  the  upward  arching  of  a  wi 
later  works,  when  he  entered  into  a  full  and  ci 
of  the  whole  question,  he  came  to  the  conclu 
were  no  movements  of  the  crust  in  vertical  s 
exception  of  those  which  are  accomplished  ii 
course  of  crust-folding.  Suess  then  proposed  a 
ology  to  express  changes  of  level;  instead  of  ** 
"subsidence"  he  now  speaks  of  "positive"  m 
a  coast-line  appears  to  rise,  and  "negative"  m< 
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with  variations  in  the  earth's  rotatory  force,  and  consequently 
in  the  length  of  day  and  night,  or  with  any  incongruity  between 
the  earth's  centre  of  gravity  and  the  centre  of  form. 

Professor  Penck  agrees  with  Suess  in  the  leading  principle 
that  secular  variations  are  due,  not  to  crust-movements,  but  to 
fluctuations  of  sea-level.  He  doubts,  however,  the  possibility 
of  the  equilibrium  between  land  and  water  being  disturbed  by 
general  variations  of  the  earth's  gravity.  He  traces  all  changes 
of  level  in  maritime  tracts  of  land  to  local  re-distribution  of 
rock-material  and  consequent  local  alteration  in  the  attractive 
force  exerted  by  the  land  upon  the  water-surface.  Re-dis- 
tribution may  be  produced  by  crust-folding,  by  the  denudation 
of  adjoining  continental  areas  by  the  sedimentation  of  organic 
and  inorganic  deposits  on  the  sea-floor,  and  most  of  all,  in 
Professor  Penck's  opinion,  by  the  piling-up  of  colossal  masses 
of  ice  in  particular  regions.  The  American  geologist,  Mr. 
Upham,  has  arrived,  on  independent  grounds,  at  similar 
conceptions  of  variation  in  the  sea-level,  although  he  at  the 
same  time  believes  in  the  actual  upheaval  of  land  areas. 

The  whole  question  is  again  discussed  by  Suess  in  the 
second  volume  of  his  work,  jDas  Ant/iiz  der  Erde,  This 
volume  describes  and  compares  the  coast-line  of  the  Atlantic 
and  Pacific  Oceans,  passes  in  review  the  distribution  of  the 
oceans  in  all  past  geological  epochs,  and  gives  a  complete 
account  of  all  relative  changes  of  level  between  land  and  water 
within  historic  time.  The  many  sources  of  error  and  the 
insufficiency  of  data  are  noted ;  and  the  several  causes  which 
might  have  influenced  the  surface  of  the  ocean  are  carefully 
elucidated.  Professor  Suess  adheres  firmly  to  his  view  that 
secular  movements  of  elevation  of  land  have  been  without 
significance  in  determining  the  grander  forms  of  the  earth's 
surface,  and  take  place  at  the  present  day  very  exceptionally, 
and  only  as  local  phenomena.  He  depicts  a  shrinking  crust 
or  lithosphere,  which  as  it  contracts  carries  with  it  the  immense 
body  of  water  on  its  surface.  According  to  Suess,  episodal 
crust-subsidences  have  determined  the  form  and  position  of  the 
ocean-basins  at  different  epochs  of  the  earth's  history,  and 
have  been  accompanied  by  the  corresponding  widely-extended 
negative  movements  of  the  ocean.  The  existing  oceans  repre- 
sent areas  whose  subsidence  may  have  occurred  in  various  ages, 
and  whose  boundaries  are  marked  by  lines  of  crust-fracture. 
Bearing  in  view  the  vast  extent  and  the  uniformity  of  those 


the  smaller  attractive  power  exerted  on  the  \v 
land.       Ascending    movements   have   their  or 
periodic  and  alternate  heaping  of  the  ocean-w 
or  at  the  Equator,  or  in  local  expansion  of  t 
under  the  attraction  of  newly-formed  land  or  'n 
The  tangential  folding  of  the  earth's  cnist, 
attributes  the  origin  of  mountain-systems,  exert; 
only  a  small  and  indirect  influence  on  the  sea-le 
of  continents  takes  place  only  as  a  result  o 
and  consequent  depression  of  the  sea-level, 
land,  as  the  gradients  of  rivers  become  greatei 
tion  of  sediment  is  likewise  increased;  enon 
material  gather  close  to  the  coast,  and  the  ^ 
depresses  the  sea-floor,  inducing  further  posi 
All  the  reported  facts  which  might  seem  to  c 
conception  of  upheaval  of  the  land  are  subject* 
Suess  to  careful  criticism,  and  found  by  him 
most  part  untrustworthy  as  direct  evidence  of  la 
In  so  far  as  Suess  has  referred  the  grander  sect 
to    subsidence    of    the    water-level    associate 
shrinkage,  his  results  will  commend  themselves 
of   crust-physics.      But    his   work   cannot    be 
arrived    at    a    solution    of    the   causes   of    lo 
movements.     Suess   himself  concludes   his   di 
the  somewhat  mystic-sounding  sentence : — "  A 
across  the  ocean  of  the  universe,  and  sees  it<;  «:t 
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solid  crust  Professor  Erich  von  Drygalski,  who  as  an  explorer 
on  the  Northern  Coast  and  in  Polar  regions  is  no  less  distin- 
guished as  a  mathematical  physicist  than  as  a  geologist  and 
geographer,  holds  the  opinion  that  phenomena  of  upheaval  and 
subsidence  can  be  produced  by  alternating  decrease  and  increase 
of  the  temperature  at  the  earth's  surface.  Professor  Bruckner, 
the  chief  Swiss  authority  on  fluctuations  of  level,  does  not  agree 
with  Nordenankar  and  Suess  that  the  positive  movement  of 
Scandinavia  may  be  explained  by  the  gradual  depression  of 
the  Baltic  Sea.  On  the  German  coasts  of  the  Baltic,  where 
the  variations  of  the  water-level,  as  in  the  case  of  inland  seas, 
depend  upon  the  amount  of  rainfall  and  the  volume  of 
inflowing  river-water,  the  oscillations  leave  horizontal  lines. 
But  on  the  Swedish  coasts  the  former  coast-lines  do  not  run 
horizontally,  they  slope  obliquely  upward,  thus  aflbrding 
evidence,  in  Bruckner's  opinion,  that  the  movement  had  been 
an  unequal  crust-movement.  Several  geologists  who  have  more 
recently  examined  the  Swedish  coasts,  Leonhard  Holmstrom 
(1888),  Sieger  (1893),  and  Kayser  (1893),  arrived  at  the  same 
result  and  supported  the  view  of  continental  oscillations. 

Penck  has  modified  his  previous  opinion  and  now  accepts 
independent  crust-movement  as  a  concomitant  factor  in 
elevating  or  depressing  a  coast-line.  Bruckner  goes  farther,  he 
argues  that  all  the  present  littoral  displacements,  which  are 
not  directly  associated  with  volcanic  activity  at  the  surface, 
are  explicable  only  if  we  accept  crust-movement  as  an  essential 
condition. 

H.  Oldtr  Dislocations  in  the  Earth's  Crust — Tectonic 
Structure  and  Origin  of  the  Continents  and  Mountain-Chains, — 
The  terrestrial  movements  and  changes  which  have  been 
observed  within  historic  times  give  us  but  a  faint  indication 
of  similar  phenomena  in  earlier  periods  of  the  earth's  history. 
On  studying  the  dislocations  which  occurred  in  past  geological 
epochs,  we  arrive  at  a  clearer  conception  of  consummated 
movements  and  their  effects,  we  perceive  how  ancient 
strand  displacements  have  culminated  in  the  complete 
submersion  of  islands  and  continents,  or  in  their  emergence, 
and  how  mountain-systems  have  arisen  in  the  neighbourhood 
of  ancient  zones  of  crust-disturbance  and  weakness. 

With  the  exception  of  the  observations  of  Steno,  which 
were  far  in  advance  of  his  time  (anfCy  p.  26),  the  scientific 
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and  methodica]  iavest^ation  of  tfae  earth's  crust  may  be  saxl 
to  hare  begnn  tovards  the  end  of  the  eigbteenth  century. 
Tbe  caicfol  sections  of  the  Thoringian  distrki  prepared  by 
Lehmann  aitd  Fiichse)  itritiated  a  new  drreclion  in  ana- 
physics,  and  fore-sindoved  the  special  vork  underUken  by 
straligniphical  research  in  the  present  day, — (o  find  oat  the 
actual  distribution  of  tbe  nxHcs  in  tbe  grotUKi  so  (ar  as  they 
are  at  present  exposed  to  view,  and  if  they  do  not  occor  in 
undisturbed  horizontal  soccesaon,  to  determine  «rhat  dis- 
placements they  bare  suflered,  and  reconstruct  as  nearly  as 
pos&ible  a  true  mental  picture  of  the  sefguerKC  of  events,  tbe 
original  dislnbuiion  of  the  various  scdimcnls  in  tinic  and 
place,  tbe  subsequent  movements  secubr  or  paroxysmal,  and 
the  character  oC  the  resultant  deroruuiion  of  rock-paitidcA 
and  rcii:k-m;i5s^_-*, 

Werner  and  his  scholars  contriboted  to  field  research  many 
of  its  precise  terms  and  methods.  They  examined  the  rocks 
with  respect  to  strike  and  dip ;  alternations  of  strata  ;  mutual 
stral 'graphical  relations  in  vertical  and  horizontal  directions; 
the  displarcnu-'nis  effected  along  fault-lines:  upheaval.  cur\a- 
ture,  bending  and  folding  of  rocks.  The  terminology  which 
they  applied  verj-  often  betrays  the  close  connection  which 
existed  between  tlie  mining  industry  and  the  beginnings  of 
stratigraphy.  The  mines,  the  minerals,  and  any  evidences  of 
rock-displacement  discovered  during  the  mining  operations 
were  Ihe  sources  of  knowledge  from  which  Werner  taught,  and 
as  his  scholars  gradually  extended  their  field  of  vision,  and  the 
glance  of  a  Humboldt  or  a  I-eopoJd  von  Buch  became  world- 
wide, the  early  impressions  and  familiar  terms  of  student  da)-s 
were  grafted  into  the  more  ambitious  conceptions  and  general- 
isations with  which  such  men  enriched  the  systematic  study  of 
the  earth's  crust.  Many  mining  terms  have  thus  been  adopted 
into  geological  literature,  although  the  original  significance  has 
been  in  some  cases  considerably  modified. 

I'allas  and  De  Saussure  g.ive  the  first  more  exact  accounts  of 
the  structure  of  mountain-systems,  and  early  in  the  nineteenth 
century  important  advances  were  made  by  the  investigations  of 
Ebel,  Studer,  Escher,  Elie  de  Beaumont,  and  others  in  the 
Alps,  those  of  Voigt  and  Heim  in  the-Thuringian  Korcst,  of 
Merian  and  Thurmann  in  the  Swiss  Jura  Chain,  of  I>e  la 
Beche  in  Cornwall  and  Devonshire,  of  Sedgwick  and  Murchisnn 
in  Wales,  and  of  the  brothers  Rogers  in  Pennsylvania.     The 


DYNAMICAL  GEOLOGY.  297 

conceptions  of  geologists  regarding  the  structure  of  mountain- 
systems  altered  as  their  knowledge  of  stratigraphy  increased ; 
the  stages  of  progress  may  be  judged  by  a  comparison  of  the 
text-books  of  geology  published  in  the  successive  decades  of 
the  nineteenth  century. 

The  text-books  of  the  Wemerian  School  were  mostly 
ignorant  of  the  complicated  structure  of  mountain-systems ; 
inclined  strata  were  assumed  to  have  originated  in  the  inclined 
position.  Their  teaching  on  structure  was  based  exclu- 
sively upon  observations  in  plains,  hill  districts,  and  mines. 
Geological  sections  of  mountains  and  plains  appear  in  the 
work  of  Conybeare  and  Phillips,  and  an  ideal  section  of 
the  earth's  crust  in  Buckland's  Textbook  of  Geology  (1836) 
became  the  model  for  a  number  of  similar  attempts.  Lyell's 
Principles  and  Elements  of  Geology^  like  the  majority  of  the 
text-books  in  the  first  half  of  the  nineteenth  century,  treated 
the  structural  relations  of  the  earth's  crust  somewhat  meagrely. 
Naumann,  in  his  Lehrbuch  der  Geognosie  (1850),  was  the 
first  author  who  devoted  a  special  chapter  to  "  Geo-Tectonics," 
and  he  comprised  in  it  practically  everything  which  had  been 
established  in  this  domain  of  geology. 

As  the  interest  in  tectonical  relations  developed,  the 
questions  of  the  earth's  configuration  began  to  be  studied 
from  a  more  intelligent  standpoint.  Previous  centuries  had 
offered  only  speculative  literary  matter  on  this  subject.  Steno 
certainly  had  as  early  as  1669  appreciated  the  fundamental 
doctrines  of  configuration ;  upon  the  basis  of  his  own  re- 
searches in  Tuscany,  he  had  explained  the  forms  of  mountains 
and  valleys  as  the  results  partly  of  crust  compression  and 
fracture,  partly  of  the  upheaval  of  stratified  deposits,  partly 
of  the  accumulation  of  volcanic  material.  Descartes,  Leib- 
nitz, and  Buffon  attributed  the  origin  of  ocean-basins,  con- 
tinents, and  mountain-systems  to  fracture  and  wrinkling  of 
the  solid  crust,  and  to  withdrawal  of  the  surface  waters  into 
subterranean  cavities.  Hooke,  Vallisnieri,  l,azzaro  Moro, 
Needham,  and  others  thought  volcanic  forces  had  upheaved 
the  continents  and  mountain-systems. 

Inthrows,  subsidences,  wrinkling  of  the  crust  in  virtue  of 
the  earth's  contraction,  and  upheaval  by  subterranean  forces 
have  long  been  recognised  as  the  principal  factors  in 
determining  surface  conformation,  and  reappear  in  modern 
theories  with  various  modifications  and  applications. 
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The  rounder  at  the  newer  tbeotics  of  upheaval  was  Hictiout 
doubt  JanKS  HuUoo,  tbe  ScoCti^  geologisL  Accoiding  to 
Huttoo,  ibe  eudi's  internal  beat  caused  tbe  locVs  to  expand 
and  to  find  retief  by  bolgiog  upward ;  thus  portions  of  the 
eaitb's  sortace  rose  above  sea-level  and  fonned  conttnenis  and 
mountains ;  volcanoes  pnmded  a  means  of  eut  for  the  hot 
vapours  and  molten  masses  of  rock^  and  prevented  the 
excessive  expansioa  and  upheaval  of  tbe  earth's  cnisi 
Although  Hutton's  theoty  of  eipanson  and  elevation  was  at 
first  iiitle  considered,  a  number  o(  observers  tike  fKhtd  and 
Pallas  airired  at  similar  ocHKJosions  fiom  independent  re- 
searches, nbile  De  la  Beehe;  Babbage,  Lf  elt,  and  Poulett-Serope 
accepted  the  theory  and  extended  it  in  nuioos  directions. 

Leopold  von  Buch  was  art  enthusiastic  supportei  of  the 
Huttonian  theory.  In  the  year  i8i*,  J.  L.  Heim  had 
assigned  to  basalt  an  impoctant  rJU  in  the  elevation  of 
mountain -chairts.  Von  Buch  ten  years  later,  alter  his  studies 
in  South  Tyrol,  became  convinced  that  the  dolomite  was  an 
altered  limestone,  the  transformation  having  been  effected  by 
the  action  of  volcanic  magnesian  vapouw  during  the  protrusion 
of  augite  porphyry.  From  the  straiigraphical  relations  of  the 
sedinientary  rocks  and  their  association  with  ihL-  augite 
porphyry,  liucli  dt;velo[>ed  his  well-known  theory  that  the 
whole  Alpine  system  followed  the  direction  of  an  enormous 
fault,  through  which  augite  porphyry  had  locally  escaped  at 
the  surface,  and  had  elevated,  tilted,  and  folded  the 
neighbouring  rocks.  The  results  obtained  in  South  Tyrol 
were  then  applied  to  Thuringia  and  the  Hari,  and  finally  the 
hypothesis  was  expressed  that  all  mountain-chains  had  been 
upliuaved  by  augite  porphyry. 

The  disciples  of  Ruch  found  in  the  theory  of  cruptivity 
and  consecjuent  disturbance  of  strata  a  complete  explanation 
of  all  possible  complications  of  crust-deformation,  and  for  a 
time  the  upheaval  of  mountains  was  ranked  as  a  volcaniv 
phenomenon.  PouWit-Scrope  in  1825,  in  his  work  On  Vol- 
canoes, supported  Hulton's  Plutonic  doctrine,  and  entered  into 
an  elaborate  investigation  of  the  ascent  of  intrusive  granite  and 
porpliyriiic  masses  in  relation  to  the  leclonical  efTccis  produced 
upon  the  different  kinds  of  rock-strata  which  miglit  happen  to 
be  in  the  neighbourhood. 

A  Swiss  geologist  of  note  who  shared  Bucb's  views  on 
mountain-upheaval  was  Dernhardt  Studer;    he  explained  the 
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granitic  and  gneissose  masses  of  rock  in  the  highest  chain  of 
the  Alps  as  the  chief  "centres  of  elevation"  during  Alpine 
upheaval,  and  applied  to  them  the  distinctive  name  of  Central 
Massives, 

Some  remarks  of  Buch  about  the  direction  of  the  mountain- 
systems  in  Germany  were  destined  to  bear  greater  fruits  than 
that  thinker  at  the  time  realised.  His  paper  On  tfu 
Geognostic  Systems  of  Germany y  published  in  1824,  noted  that 
four  systems  of  strike  had  to  be  distinguished,  the  Netherlands 
or  North-West  system,  the  North-East  system,  the  Rhine  or 
North-South  system,  and  the  Alpine  or  East-West  system. 
This  observation  of  Buch  gave  the  impulse  to  the  works  of  a 
gifted  French  geologist 

Elie  de  Beaumont^  belonged  to  the. most  enthusiastic  ad- 
herents of  the  Volcanist  doctrines.  Many  years  of  geological 
surveying  in  the  Vosges  and  Ardennes  mountains,  in  the 
mountains  of  Provence,  in  the  Dauphin^  and  at  Mont  Blanc, 
had  shaped  in  his  mind  new  ideas  about  the  origin  of  the 
mountains,  and  in  1829  he  made  these  known  in  the  Annates 
of  the  French  Academy.     Mountain-structure  is  discussed  in 

'  L^nce  Elie  de  Beaumont,  l)orn  on  the  25lh  September  1798,  at 
Canon  (Dep.  Calvados),  belonged  to  a  noble  family  of  Normandy.  His 
preparatory  studies  were  conducted  in  the  Henri  IV.  Seminary  in  Paris, 
and  after  a  brilliant  course  in  the  Polytechnic  School  in  Paris,  he  entered 
the  School  of  Mines  in  1819,  to  devote  himself  to  Mineralogy.  Here  he 
attracted  the  attention  of  the  Professor  of  Geology,  Brochant  de  Villiers,  and 
together  with  his  fellow-student  Dufrenoy  accompanied  the  Professor  in 
1822  to  Great  Britain,  in  order  to  become  acquainted  with  the  mines  in 
that  country  and  to  get  insight  into  the  British  methods  of  geological  sur- 
veying. Elie  de  Beaumont  and  Dufrenoy  then  set  to  work  in  1825  to 
prepare  a  geological  map  of  Erance.  At  first  they  worked  under  the 
direction  of  Brochant  de  Villiers,  afterwards  they  continued  independently, 
and  in  eighteen  years  the  map  was  completed.  Its  publication  exerted  a 
powerful  influence  on  the  whole  development  of  geology  in  P'rance,  and 
secured  for  the  two  authors  a  distinguished  place  amongst  their  scientific 
contemporaries.  In  1827,  Elie  de  Beaumont  was  elected  Professor  of 
(Jeology  in  the  School  of  Mines,  and  in  1835  he  succeeded  his  patron, 
Ikochant  de  Villiers,  as  General  Inspector  of  Mines.  He  held  in  addition 
several  high  governmental  offices,  and  used  his  influential  position  invariably 
for  the  good  of  his  colleagues.  After  the  conclusion  of  the  general  geo- 
logical survey  of  France,  Elie  de  Beaumont  directed  the  special  geol(^cal 
survey  until  his  death  on  the  21st  Septeml)er  1874.  I^c  geological  fame 
of  Elie  de  Beaumont  rests  on  his  admirable  field-work  and  his  writings  con- 
cerning the  age  and  origin  of  mountain-systems.  An  account  of  his  life  and 
his  contributions  to  science  was  published  by  Sainte-Claire  Deville  at  Paris 
in  1878. 
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a  short  passage  towards  the  close  of  this  treatise.  JJricf 
although  Ihey  are,  the  remarks  on  the  influence  of  the  slow 
cooling  of  the  earth  on  surface  conformation  and  the  origin  of 
furrows  and  fissures,  are  at  once  recognised  by  a  reader  of  the 
present  day  as  the  starting-point  of  out  modern  views  on 
mountain- structure.  Favourable  reviews  by  Brongniart  and 
Arago  helped  to  spread  the  fame  of  the  young  geologist,  and 
to  win  rapid  recognition  for  hi^  work. 

It  was  not  until  1851  that  Elie  de  Beaumont  discussed  the 
details  in  full,  and  gave  expression  to  his  conceptions  in  his 
three-volume  work  On  Moun/ain-sysffms.  He  points  out  that 
in  virtue  of  the  continued  cooling  of  our  planet  the  radius  is 
shortened  and  the  crust  is  affected  by  a  general  centripetal 
movement.  Delesse  bgd  calculated  1,340  metres  as  the  amount 
by  which  the  earth's  radius  had  already  been  shortened:  in 
other  words,  the  earth's  crust  in  the  course  of  the  geological 
epochs  had  approached  the  earth's  centre  by  a  distance  abnul 
equal  to  the  height  of  Chimborazo  or  the  Himalayas  above 
sea-lcve!.  As  the  more  rigid  crust  tried  to  subside  and  accom- 
modate itself  to  the  contracting  molten  mass  of  the  nucleus, 
inequalilies  and  excrescences  formed  ;  or  if  the  tension  became 
loo  great  a  sudden  rupture  of  the  crust  ensued,  and  the  lateral 
comi>ression  gave  origin  to  mountain-folding.  The  rock-masses 
in  seeking  relief  from  the  crust-strains  were  pressed  upward, 
and  might  under  certain  circumstances  pierce  the  surface  as 
a  finger  might  pass  through  a  button-hole.  This,  in  Elie  de 
Beaumont's  opinion,  was  the  explanation  of  the  fact  that  granite 
masses  so  often  form  the  summits  and  ridges  of  mountain- 
chains,  whose  ilanks  consist  of  uplifted  sedimentary  rocks. 
The  latter,  he  said,  were  covered  towards  the  base  of  the 
mountain  for  the  most  part  by  gently-inclined  or  horizoiii;il 
strata,  which  spread  over  the  neighbouring  plains.  The 
inclined  strata  often  strike  sharply  against  the  horizontal 
layers,  any  marked  contrast  in  the  position  of  the  neighbour- 
ing series  of  deposits  indicating  that  a//cr  the  deposition 
of  the  uplifted  strata,  and  /'r/^re  the  deposition  of  the  undis- 
turbed series,  a  convulsion  of  the  earth's  crust  had  taken 
place  in  that  region  and  had  culminated  in  the  uplift  of  the 
mountain-chain.  The  exact  geological  period  of  the  crust- 
paroxysm  could  be  determined  from  a  comparison  of  the  ages 
of  the  inclined  strata  and  the  horizontal  layers  reposing  upon 
them. 
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According  to,  Elie  de  Beaumont,  the  ages  of  the  mountain- 
systems  as  a  rule  correspond  with  the  limits  of  geological 
formations,  and  therefore  also  with  the  "revolutions"  indi- 
cated by  Cuvier  in  the  development  of  organic  creation.  The 
mountain-systems  might  in  his  opinion  be  regarded  as  chrono- 
logical documents  bearing  witness  to  the  paroxysmal  stages  in 
the  physical  history  of  the  earth's  crust.  He  then  attempted 
to  ascertain  after  this  method  the  ages  of  the  various 
mountain-systems  in  Europe,  deriving  his  facts  partly  from 
his  own  observations,  partly  from  literature. 

While  engaged  on  this  inquiry,  felie  de  Beaumont  became 
greatly  impressed  with  the  parallelism  of  the  strike  in  the 
several  component  elements-  of  a  mountain -system.  He 
remembered  a  saying  of  Werner's,  that  mineral  veins  with 
parallel  strike  afford  evidence  of  the  simultaneous  origin  of 
the  vein  fissures,  and  he  applied  this  principle  to  mountain- 
systems,  endeavouring  to  prove  in  the  most  detailed  manner 
that  mountain-systems  or  ranges  with  parallel  strike  were  of 
simultaneous  origin.  The  spherical  form  of  the  earth  made  it, 
however,  difficult  to  determine  the  parallelism  of  mountain- 
systems  far  remote  from  one  another,  since  in  such  cases  the 
same  term  of  geographical  orientation  would  be  used  to 
describe  directions  which  were  not  by  any  means  parallel. 
Elie  de  Beaumont  met  this  difficulty  by  treating  the  mountain- 
systems  as  tangents  of  earth-circles  and  arguing  from  the 
parallelism  of  the  tangents.  He  regarded  as  parallel  all 
mountain-systems  which  crossed  the  meridian  at  a  like  angle. 

With  the  principle  of  parallelism,  Elie  de  Beaumont  left 
the  sure  ground  of  inductive  reasoning  and  entered  into 
speculative  matter,  which  unfortunately  he  continued  to  discuss 
during  the  remainder  of  his  Hfe.  In  his  description  of  the 
mountains  of  Europe,  published  in  1852,  they  are  represented 
as  tangents  of  twenty-one  circles,  and  from  the  inclination  of 
these  circles  to  one  another  Elie  de  Beaumont  deduced  a 
general  geometrical  law  of  orientation  for  the  mountains  of  the 
earth.  He  also  constructed  a  ** pentagonal  net-work"  of  the 
fifteen  largest  circles  which  corresponded  to  the  corners  of  a 
regular  isogon  in  the  centre  of  the  eaith,  and  made  it  the 
fundamental  basis  of  his  elaborate  scheme  of  the  earth's 
mountain-systems.  But  the  famous  "  Roseau  pentagonal "  never 
received  general  recognition,  although  it  was  much  discussed 
for  a  time  by  the  personal  adherents  of  lilie  de  Beaumont. 
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raiBfde  Stader  «iid,Heffinaoti,  «tio 
il  idns  at  upheaval  bjr 


I  news  regudmg 
liiMdiains,  as  wdl 
pumyauol  uplifts.  They 
abowed  tbM  ^  Alp^  ihe  Hatx  inouutiius,  and  the  En 
mniintaiiK  had  uftaod  boon  iLinjled  cntst-moreinentx. 
SdU  otfaent  Coottaac  ft^foa,  Ami  Boo^,  Conybea^  and 
Chutes  L^ed,  were  ia  opoilf  avowed  opposition  to  Elie  de 
BeaoiMBA  doctrioes  fiw  llw  fiiS. 

Piotmor  Tbunaapo  in  PocKBinijr  made  a  series  of  \-altiable 
oburraiitm  on  BonatmHaaUtie  proc«SM.  Thb  obscrrer, 
who  derated  hn  fife  to  dK  wtadj  of  the  Swiss  Jura  raounUm^ 
docidoted  their  Miueting  and  eompodtioo  with  masterly  skill 
and  bce&dch  of  conceplioa.  The  arched  forms,  so  conspicnotu 
a  feature  of  the  Jota  Chain,  were  explained  bj  Thunuann  ai 
oiBl-nplifts  doe  to  venkatly-acting  sabtcrr^ancQn  forces,  and 
he  quoted  several  examples  to  show  how  these  forces  may 
someiimes  raise  portions  of  the  crust,  and  sometimes  gi*'e 
orkin  to  fau!:s  a!an^  which  ihe  uplifted  chains  are  disjuinled, 
and  the  sevLral  portians  move  apart. 

Thurmann  called  the  unbroken  uplifted  chains  "arches,"' 
and  distinguished  as  "combes"  the  cmsl-inthrows  faulted  into 
the  middle  of  the  arches;  a  "combe"  wholly  surrounded  by 
faults  was  termed  by  Thurmann  a  '"cirque,"  While  he  used 
ihe  term  "fold"  for  the  crust-arches  themselves,  he  applied 
that  of  "  val '"  for  the  syncline  or  (rough  between  neighlxjuring 
arclies.  He  also  gave  distinctive  names  to  mountain-valleys — 
the  longitudinal  deep  ravines  at  the  outer  flanks  of  the  chains 
he  termed  "ruzs."  and  the  transverse  valleys  cutting  through 
several  chains  "cluses." 

The  earlier  treatises  of  Thurmann  in  1S30  and  1836  di';cu5s 
the  orographical  features  chitfly  in  relation  to  Ihe  original 
fold-forms  of  the  Jura  system  and  to  general  principles  of 
mountain-folding  and  structures.  His  complete  tectonical 
results  regarding  the  causes  and  phenomena  of  relative  crusi- 
displacements  were  not  published  until  1856,  a  year  after  his 
death,  at  the  age  of  fifty-one,  from  cholera.  In  these  later 
jiapers  Thurmann  recognised  the  existence  of  oim  hundred 
and  sixty  incipient  chains  in  the  Jura  mountains,  only  thirty 
of  which  could  be  regarded  as  of  primary  importance.     He 
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said  they  were  separated  from  one  another  by  somewhat 
crooked  fault-lines  which  ran  in  approximately  parallel 
directions,  or  diverged  at  various  angles  of  bifurcation  from  a 
main  chain.  In  the  case  of  the  principal  chains,  the  highest 
fault-blocks  were  those  on  the  western  side  of  fault-lines,  and 
the  mountain-curves  were  convex  towards  the  west.  Speaking 
generally,  Thurmann  distinguished  in  the  Jura  mountains  a 
zone  of  the  highest  chains,  a  central  zone  of  uplift,  and  a 
slightly-folded  plateau  zone.  From  the  whole  structure  of  the 
Jura,  he  finally  concluded,  in  opposition  to  his  earlier  views, 
that  the  chains  had  not  taken  origin  as  vertical  uplifts,  but 
that  lateral  forces  had  acted  from  the  Swiss  side  and  had 
compressed  the  strata  along  parallel  folds. 

One  of  Thurmann's  chief  tenets  was  the  long  continuation 
of  the  plastic  state  in  sedimentary  deposits.  He  held  that 
sediments  remained  plastic  long  after  their  deposition  and 
during  the  processes  of  mountain-formation,  and  he  therefore 
differentiated  sharply  between  faulting,  bending,  crushing, 
and  shearing  movements  effected  while  the  sediments  were 
still  fairly  plastic,  and  movements  of  adjustment  accomplished 
after  the  mountains  had  been  formed.  He  contested  the 
hypothesis  that  rock  already  consolidated  was  reduced  to  a 
molten  or  plastic  condition  by  the  processes  of  mountain- 
making. 

While  Elie  de  Beaumont  and  Thurmann  were  building  up 
their  theories  of  mountain-upheaval  upon  field  observations, 
the  English  physicist,  Hopkins,  was  trying  to  solve  the 
problem  upon  theoretical  grounds,  and  one  of  his  doctrines 
is  specially  worthy  of  note.  From  his  consideration  of  the 
pressures  exerted  by  explosive  gases,  vapours,  and  other 
subterranean  forces  upon  the  crust,  he  concluded  that  in 
almost  all  cases  of  crust-fracture  two  systems  of  faults  must 
take  origin  at  right  angles  to  each  other,  and  must  then  be 
fundamental  directive  lines  during  the  formation  of  continents 
and  mountain-systems. 

Constant  Prevost,  in  his  report  on  the  Island  Julia 
(ante^  p.  264),  contested  the  theory  of  Elevation-Craters,  and 
in  opposition  to  felie  de  Beaumont  regarded  the  origin  of 
mountain-systems  and  continents  only  as  results  of  slow 
sagging  of  the  crust,  or  of  occasional  inthrows  when  one  side 
of  the  fissure  was  pressed  outward  and  the  rock-material  was 
stemmed  against   it     Much  later,  similar  ideas  were  enter- 
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lained  by  Professor  Charles  l-ory,  by  libtay  and  Ma^nan. 
Professor  Favre  abo  dissented  from  the  supposed  vtirtujl 
uplift  of  the  A]pi.  In  1S67,  in  a  now  classic  descriplion  of 
the  geology  of  Mount  Blanc,  he  ascribed  the  coni|]Jcx  (an- 
shaped  arran|emenl  of  the  rocks  in  lliai  mountain  to  ihc 
action  of  strong  lateral  pressure. 

Important  additions  to  the  Icnowledge  of  mountain-^truC' 
ture  were  meantime  being  made  by  the  North  American 
Geological  Survey.  In  1843,31  a  Congicss  of  British  and 
American  Scientists,  H.  D.  Rogers  liad  expressed  his  viewn  on 
the  stratigraphical  composition,  the  tectonical  relations,  and  the 
mode  of  origin  of  the  Appalachian  mountains.  The  one-sided 
asymmetric  arrangement  of  the  folds  in  the  Allegbanics,  the 
absence  of  any  central  axis  consisting  of  crystalline  eruptive 
rocks,  the  fact  that  the  whole  mountain -system  was  composed 
of  numerous  parallel  folds,  most  of  them  curved  in  form, 
could  not  in  Rogers's  opinion  be  brought  into  harmony 
with  the  theories  of  mounlain-upheaval  which  were  at  thai 
time  current  in  Europe.  lie  argued  against  the  conception 
that  ascendin;;  eruptive  masses  uplifted  superincumbent  rock- 
strata,  and  also  against  Prevost's  opinion  that  mountains  were 
formed  as  a  consequence  of  local  inthrows  and  crust 
subsidences.  His  own  theory  of  mountain -folding  supposed 
the  disturbing  cause  to  be  wave-like  pulsations  into  which  the 
molten  magma  of  the  nuclear  body  was  thrown  from  time  to 
time,  when  the  accumulated  tensions  in  the  earth's  thin  crust 
caused  an  actual  rupture.  The  form,  arrangement,  and 
inclination  of  the  folded  strata  were  ascribed  to  a  combined 
wave-like  and  tangential  movciueni,  which  was  also  accom- 
panied by  an  injection  of  eruptive  masses  into  the  cavities 
created  within  the  folds  during  the  niovemcjit. 

I'rofessor  Dana'  was  the  geologist  who  first  gave  clear  ex- 

'  James  Dwiyhl  Dana,  (x>rn  on  [he  12th  Fcbfu.iry  1S13  at  Udd  in 
N<^w  Voik  SlntL'.  enlercd  Vale  Univvr^iily  in  lHj3  and  maik  a  journey  m 
KiKope  .Igrinj-  his  colkee  c^mrso.  _  In  l8jS  he  was  selecleil  as  KfAagi-i 
noil  niineraloKi^l  for  Ihe  Wilkes  Exploriiic  K\pc(lilioii,  and  dnring  ihc 
fi,iir  yt.-irs'  viiva^e  became  -ii-qn.iinlcl  wiih  ihc  coasts  of  South  America 
anil  the  I'ocilie  Uccan.  D.ina  was  shi)iwieckcd  i>tf  the  coast  of  Oic^'in, 
liut  fununalcly  aiicceeileJ  in  leachini;  San  l'*rancisci>  ami  saileil  once  iiK^rc 
hy  the  Sandwich  liles,  Singaiiore,  and  Si.  Helena  10  New  V.irk. 
Thirteen  ye.irs  weie  then  devoted  !■>  the  ex.iminalion  and  desciiplion  of 
his  ceijti^icnl  and  ii)iilnj;icat  colleciions.  IVk  rejKirls  on  the  geoli^y  (i( 
Ihe  I'^icitic  Ocean,  the  volcanoes  of  llic  Sandwich  Islands  and  coial  iccfi. 
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pression  to  the  theory  of  horizontal  compression  in  explanation 
of  the  origin  of  mountains.  The  early  papers  by  Dana  upon 
crust-movements  were  published  in  the  American  journal  of 
Science  in  the  years  1846  and  1847.  In  them  Dana  boldly 
contested  the  possibility  of  continents  and  mountains  being 
raised  by  the  expansive  force  of  subterranean  vapours  and  the 
ascent  of  rock-magma;  and  he  also  dissented  from  the 
gravitation  theory  of  his  compatriot,  James  Hall  (1859), 
according  to  which  the  gradual  accumulation  of  sedimentary 
masses  in  areas  of  subsidence  must,  on  account  of  the  altered 
equilibrium,  give  rise  to  folding  and  fracture  of  the  crust,  and 
consequently  to  mountain-chains.  Hall's  idea  was  to  a  great 
extent  a  modification  of  previous  suggestions  by  Babbage  and 
Herschel,  but  these  investigators  had  attributed  the  subse- 
quent uplift  of  thick  deposits  in  areas  of  subsidence  to  the 
expansion  of  the  sediments  on  account  of  the  high  temperature 
in  their  deeper  horizons. 

In  common  with  Descartes,  De  la  Beche,  Cordier,  Elie  de 
Beaumont,  and  others,  Dana  considered  the  fundamental 
cause  of  crust  -  deformation  to  be  the  slow  cooling  and 
contraction  of  the  earth's  nucleus.  But  he  made  a  closer 
geological  investigation  than  any  previous  observer  of  the 
precise  mode  of  action  displayed  by  the  contracting 
forces. 

Dana  assumed  that  the  orographical  limits  of  continents 
and  mountain-chains  were  determined  by  certain  pre-existing 
lines  of  minimum  resistance  (cleavage-lines)  associated  with 
inequalities  of  thickness  and  temperature  in  the  earth's  crust. 
He  then  argued  that  as  the  primitive  earth  cooled,  the  first 
crust-blocks  that  consolidated  formed  continents,  and  the 
pressure  caused  by  shrinkage  was  most  intense  at  the 
continental  margins.  There  the  greatest  mountain-systems 
developed,  and  as  a  rule  the  height  of  a  marginal  mountain 

as  well  as  his  comprehensive  works  on  Zoophytes  and  Crustaceans,  are 
amongst  the  finest  productions  in  the  literature  of  scientific  travel.  Dana 
wasa  Professor  at  Yale  University  from  1850  to  1894,  and  died  on  the  I4lh 
April  1895.  He  was  distinguished  as  a  zoologist,  geologist,  and  mineral- 
ogist ;  his  high  merits  were  recognised  in  England  by  the  award  of  the 
Wollaston  and  Copley  medals.  His  Text-book  of  Geology^  published  in 
1863,  has  since  passed  through  several  editions,  and  has  had  a  marked 
influence  on  geological  thought  and  progress.  Over  a  hundred  papers 
by  Dana  have  appeared  in  the  American  Journal  of  Science,  and  they 
treat  almost  every  subject  of  general  geological  interest. 

20 
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range  corresponded  to  the  dvpUi  of  a  crust-hollow  oa  tite 
neigh  houii  Kg  pottioo  of  ihe  ocvan-fioor. 

This  preliminary  hrpMhc^ts  U  dearfy  open  lo  quettlon, 
but  a  more  important  feature  is  Duia's  assumption  that  the 
centripetal  movement  of  the  crust,  as  it  endeavoars  to  shrink 
along  with  the  nucleus,  is  transmuted  into  tangential  tension 
cocnparablc  with  the  strains  that  would  be  set  up  in  the  case 
of  a  falling  aich.  In  Dana's  opinion  the  horizontal  pressure 
components  thus  originated  fold  the  crmt  into  arched  ridges 
and  Ixough-like  hollows.  Dana  called  the  latter  gett-sjiulinali, 
the  iorma  g4-anMinals ;  and  he  applied  the  qualifying  term 
"monogenctic"  lo  mountain-sy stems  which  owe  thetr  otigin 
to  a  single  arch  or  geanticlinal  such  as  the  Uinta  mountains 
of  Wyomin?  ;)ri4  I'tih  On  ircounl  of  their  frequent  crackl 
and   r-     -       '  :;  are  rapidly  lowered  by  the 

aCUri^i  ■ 

The  mountain -systems  composed  of  several  chains  always 
arise,  according  to  Dana,  within  geo-syncHnals  where  immense 

masses  of  sediment  have  collected.  A?  the  older  rock-horizons 
become  mantled  by  evcr-iiicieasing  thicknesses  of  sediment 
above,  and  the  subsidence  continues,  the  deeper  str.Tta  are 
weakened  by  he.it  and  pressure  and  readily  tear  asunder. 
The  broken  fragments  yield  to  the  horizontal  pressures,  are 
crushed  into  u  narrower  space  against  the  lines  of  learin;^, 
arc  folded  and  thereby  uplifted.  Dana  called  a  mountain- 
system  elevated  from  a  synclinal  area  of  subsidonce  a 
"syncliiiorium."  The  deeper  geo-syncllnals  of  past  (geological 
epochs  have  !)een  as  a  rule  ne\t  the  continents,  and  tlie  new 
mountains  oriijin.-ited  there  slowly,  the  movements  occupying 
vast  geological  ages;  after  their  emergence  they  were  incor- 
porated with  the  main  continental  masses. 

Dana  then  discussed  tlic  conditions  under  which  volcanic 
rocks  might  take  a  dominant  part  in  the  building  up  of 
mountain  chains.  The  earth's  crust,  he  faid,  grew  thicker 
by  the  continued  progress  of  cooling,  and  the  rocks  Ix'canK.- 
more  and  more  resistant  owing  to  the  mechanical  and 
chemical  metamorphoses  which  they  experienced  in  the  cru'it. 
The  process  of  mountain-making  was  consequently  made  more 
and  more  difficult  in  the  older  areas  of  disturbance,  but  as 
the  tangential  Strain  never  rela\ed,  it  might  effect  an  upward 
pressure  of  the  crust,  culminating  in  rupture,  and  allowing 
the  escape   of  volcanic   rock    at   the   surface.     Hence   tlie 
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youngest  mountain-chains  were  pre-eminent  for  the  large 
participation  of  volcanic  rock  in  their  composition,  more 
especially  along  marginal  fault-lines. 

Dana's  views  on  mountain-building  were  based  chiefly  on 
the  Appalachian  Rocky  Mountains,  and  were  well  adapted  to 
the  geological  relations  in  North  America.  They  were 
therefore  widely  accepted  in  that  country.  Many  of  the  ideas 
were  criticised  by  his  compatriots,  and  the  healthy  interest 
awakened  in  the  subject  reacted  favourably  upon  Dana's 
concept,  as  it  enabled  the  author  to  revise  and  improve  certain 
portions.  Joseph  le  Conte  was  the  most  brilliant  of  Dana's 
helpers  in  working  out  the  evidences  of  horizontal  components 
of  pressure  in  mountain-folding ;  Dana  so  frequently  cited  Le 
Conte  in  his  later  publications  that  it  is  difficult  to  define  the 
individual  merits  of  the  two  geologists. 

To  the  North  American  geologists  undoubtedly  belongs 
the  credit  of  founding  the  theory  of  horizontally-acting  forces 
aiid  rock-folding  upon  an  ample  basis  of  observation. 

Shaler  distinguished  between  the  uprise  of  continents  and 
that  of  mountain-systems.  Both  were  explicable  upon  the  basis 
of  the  earth's  contraction;  but  whereas  the  continents  had  taken 
origin  from  furrows  which  affected  the  whole  thickness  of  the 
earth's  crust,  the  mountains  only  represent  foldings  in  the 
external  parts  of  the  crust  which  have  served  to  relieve  the 
lateral  pressures  produced  by  the  contraction  of  the  deeper 
horizons. 

The  method  of  research  followed  by  Professor  Suess  marks 
the  beginning  of  a  new  epoch  in  the  questions  of  crust- 
deformation.  Two  aspects  appealed  strongly  to  Professor 
Suess,  the  tectonical  problems  presented  by  individual 
mountain-chains,  and  the  relation  of  all  the  mountain-systems 
on  the  surface  of  the  earth  to  the  physical  changes  in  pjogress 
since  the  beginning  of  the  earth's  history.  Since  Elie  de 
Beaumont's  misguided  effort,  no  geologist  had  attacked  the 
question  from  its  universal  aspect,  and  the  supreme  scientific 
success  attained  by  the  first  volume  of  Das  Aiitliiz  der  Erde^  or 
Tfie  Face  of  the  Earthy  by  Professor  Suess,  was  a  tribute  to  a 
work  accomplished  with  the  highest  bibliographical  skill  and 
literary  finish,  the  fullest  geological  and  geographical 
knowledge,  a  convincing  array  of  scientific  facts  that  never 
fail  to  suggest  an  endless  reserve  in  the  background,  and 
above  all  a  calm,  judicial,  elevated  tone  of  inquiry  which  the 
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live  rocks  in  the  origin  of  moantain-chains,  an 
descripdon  of  the  roost  important  moontaii 
earth,  he  demonstr.  I  that  any  anangement 
ing  to  geometrical  u  was  altogether  iUusoi 
problems  of  crust-  acements  w^e,  he  sa 
associated  with  tne  (question  of  the  age 
mountains  that  the  1  ter  could  not  possib 
any  mathematical  deduction  or  general  rul< 
leading-lines  of  strike  and  distribution,  bu 
accurate  knowledge  of  tectonical  structure  in  < 
A  more  detailed  examination  of  the  Alp 
Suess  to  the  conclusion  that  the  structure  c 
system  was  not  symmetrical,  as  had  previous!] 
but  was,  on  the  contrary,  essentially  one-sii 
descent  of  the  western  Alps  towards  the  pla 
and  Lombardy  indicated  a  curved  fault-line, 
rocks  had  been  folded  together  under  the 
tangential  force  acting  in  north-west,  north 
directions  from  the  leading  crust-rupture.  I 
tomary  to  regard  the  zones  of  rock-formatio 
side  of  the  eastern   Alps  as  folded   masses 
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Hungarian  mountains,  was  introduced  between  the  central 
Alps  and  the  southern  zones.  Professor  Suess  then  demon- 
strated a  similar  unilateral  structure  for  the  Balkan,  Caucasus, 
and  Ararat  mountains,  and  in  all  cases  the  action  of  the 
tangential  forces  had  been  from  south  to  north. 

Hence  a  surprising  similarity  was  demonstrated  between  the 
mountains  of  Europe  and  those  in  North  America  which  had 
been  described  by  Rogers  and  Dana,  and  the  theory  of 
lateral  compression  so  widely  accepted  by  American  geologists 
seemed  applicablp  to  European  mountain-chains  with  but  few 
modifications.  Elie  de  Beaumont's  method  of  determining 
the  ages  of  the  mountain-chains  was  clearly  unsuitable 
upon  this  new  conception  of  their  structure.  According  to 
Professor  Suess,  the  tectonical  disturbances  which  gave  form  to 
the  present  Alpine  system  had  begun  in  the  Mesozoic  period, 
and  had  continued  not  only  to  the  close  of  the  Miocene  time,  but 
(at  least  on  the  southern  slopes)  into  the  Pliocene  and  possibly 
even  the  Diluvial  Age.  In  considering  the  actual  lines  of 
deformation,  Suess  pointed  out  that  allowance  must  be  made 
for  the  retaining  influences  exerted  by  neighbouring  immovable 
mountain-blocks,  by  ancient  intruded  and  interbedded  volcanic 
rocks,  and  by  the  resistance  of  the  rock-folds  themselves. 

A  study  of  the  older  mountain-masses  (afterwards  called 
"  Horsts"  by  Suess)  limiting  the  Alps  on  the  west  and  north, 
showed  that  the  same  direction  of  force  which  had  folded  the 
Alps  had  also  determined  the  structure  of  the  Riesen  moun- 
tains, the  Sudeten  mountains,  the  Bohemian  forest,  the  Harz, 
the  Ardennes,  etc,  and  that  this  Central  European  mountain- 
system  of  high  geological  antiquity  had,  like  the  later  Alpine 
system,  been  compressed  by  horizontal  forces  acting  towards 
the  north-west,  north,  or  north-east.  Although  in  Europe  as 
in  North  America,  the  dominating  direction  of  pressure  had 
come  from  the  south,  there  were  also  evidences  of  compres- 
sion towards  the  south.  Val  Sugana  in  the  southern  Alps, 
Istria,  Dalmatia  and  the  Karst,  the  Ifer  mountains,  and 
the  Teutoburg  forest  were  mentioned  as  types  of  southward 
compression.  Yet  so  prevalent  was  the  northern  direction 
of  movement  over  vast  regions  between  the  Caspian  Sea  and 
the  American  shores  of  the  Pacific  Ocean,  that  one  might 
feel  tempted  to  deduce  a  general  streaming  of  rock- material 
towards  the  North  Pole  throughout  the  whole  Northern 
Hemisphere.     But    several    facts   contradicted    such   a  con- 
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mountain-systems  have  unilateral  structure,  and  there  has 
been  in  North  America,  Europe,  and  North  Africa  a  general 
movement  of  rock-masses  towards  the  north,  in  Asia  towards 
the  south. 

Suess  then  enunciated  certain  principles  of  mountain- 
building.  The  simplest  type  of  a  mountain-system  is  that 
which  begins  with  the  occurrence  of  a  rupture  or  fault  rec- 
tangular to  the  direction  of  contraction,  the  severed  crust-block 
then  moving  onward  in  the  direction  of  the  contraction  (ex- 
ample, Erz  mountains).  The  second  and  most  frequent  type 
is  that  which  begins  with  the  disposition  of  a  principal  fold 
striking  transversely  across  the  contraction  and  inclined  in  the 
direction  of  the  contraction,  a  fissure  then  forming  in  the  fold 
at  the  line  of  maximum  tension.  The  front  part  of  the  fold 
moves  in  the  direction  of  the  contraction  and  pushes  the 
sedimentary  rocks  before  it  into  further  foldings,  the  other 
part  of  the  fold  sinks,  and  volcanic  rocks  escape  at  the  line 
of  fragmentation  and  subsidence  (example,  Apennines  and 
Carpathians).  In  a  third  type  of  mountain-building,  several 
parallel  folds  arise,  occupying  a  greater  surface  breadth,  and 
usually  ending  on  the  inner  side  of  the  innermost  fold  with 
a  steep  crust- fracture  (example,  folded  Jura  mountains, 
Ardennes,  Taunus,  Appalachians).  It  depends  on  the  inten- 
sity and  direction  of  the  folding- force,  on  the  nature  of  the 
resistance,  and  on  the  greater  or  smaller  brittleness  of  the 
varieties  of  rock,  whether  the  secondary  folds  are  preserved 
or  if  they  are  deformed  and  pass  into  faults  whose  planes  are 
inclined  inward  to  the  mountains  and  serve  as  planes  of 
overthrusting.  In  extensive  regions  the  contracting  force 
seems  to  have  had  the  same  direction  during  successive  geo- 
logical epochs. 

Suess  agreed  with  Shaler  that  the  continents  represent 
contractions  of  the  whole  earth's  crust,  whereas  the  mountain- 
systems  are  to  be  regarded  merely  as  foldings  of  the  more 
superficial  layers  of  the  crust.  In  addition  to  the  folded 
mountainous  portions  of  the  earth's  crust,  Suess  emphasised 
the  presence  of  resisting  crust-areas  which,  like  Bohemia,  are 
composed  of  old  mountain-masses  piled  against  or  across  one 
another  like  pack-ice,  or  like  the  vast  Russian  block  consist  of 
undisturbed  horizontal  strata.  Such  unyielding  areas  of  the 
crust  are  frequently  characterised  by  considerable  gaps  in  the 
sedimentary  series.    Their  geographical  distribution  decides  the 
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under  several  headings : — curvature,  plication,  crush,  shear, 
cleavage,  distortion  of  rock-material  and  of  fossils.  He 
opposes  Thurmann's  idea  that  the  rocks  are  primarily 
plastic  and  remain  so  during  the  mountain-movements,  and 
assumes  that  the  rocks  of  our  mountain-chains  have  been  first 
consolidated  and  afterwards  altered  during  the  crust- movements; 
the  alteration  might  be  accompanied  by  fissures  and  faults  or 
might  take  place  without  any  fracture,  both  modes  of  trans- 
formation being  quite  independent  of  the  physical  and  chemical 
constitution  of  the  rocks.  Alteration  without  fracture  only 
occurred  at  great  depths,  and  was  most  frequent  in  the  older 
rocks.  According  to  Heim,  the  essential  conditions  for  such 
alteration  are  the  presence  of  a  heavy  superincumbent  load  of 
rock,  and  the  action  of  pressures  from  all  sides  upon  the  rock- 
particles,  so  that  even  the  most  brittle  mass  of  rock  would 
be  converted  into  a  state  of  latent  plasticity.  The  work  done 
by  horizontal  pressures  is  the  great  truth  which  Professor  Heim 
seeks  to  inculcate.  He  brings  forward  numerous  observations 
to  prove  the  passive  behaviour  of  the  **Central  Massives"  during 
the  upheaval  of  the  present  Alpine  system.  In  opposition  to 
Studer's  idea  that  the  massives  had  represented  active  local 
centres  of  disturbance,  Heim  points  out  that  the  crystalline 
rocks  present  in  these  areas  themselves  show  deformation  and 
alteration  explicable  only  upon  the  assumption  that  they  had 
suffered  no  less  than  the  rocks  in  the  northern  and  southern 
zones  of  the  Alps  from  a  system  of  horizontal  pressures  common 
to  the  whole  Alps.  In  Professor  Heim's  opinion,  the  individual 
forms  of  the  Central  Massives  as  lenticular  or  fan-shaped  arches 
or  simple  domes  had  been  determined  by  modifying  local  in- 
fluences during  the  epochs  of  Alpine  upheaval,  but  had  no 
connection  with  volcanic  subterranean  forces.  On  the  con- 
trary there  is,  according  to  Heim,  no  field  evidence  whatsoever 
that  the  igneous  rocks  of  the  Central  Massives  exerted  forces 
of  compression  upon  the  sedimentary  strata  in  contact  with 
them. 

Heim  therefore  agrees  with  the  general  results  of  Suess, 
and  explains  mountain-making  as  a  consequence  of  nuclear 
contraction,  crust-subsidence,  and  the  complex  action  of 
horizontal  strains  through  the  layers  of  the  crust  He 
calculates  that  the  plication  of  the  Alps  has  reduced  the 
breadth  of  that  portion  of  the  crust  by  a  distance  of  about 
seventy  four  miles;   hence  the  crust  contraction  would  seem 
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to  be  a  very  appreciable  amount  in  the  case  of  the  grcalcf 
nioun Iain-systems.  On  the  other  hand,  Heini  calculates  thai 
the  earth's  diameter  has  not  been  shoitencd  even  one  pet  cent. 
by  tlic  processes  of  subsidence  and  mountain- folding.  With 
regard  to  the  age  of  the  Alps,  Heim  concludes  that  the  central 
chains  are  older  than  the  outer,  that  the  strains  have  wholly 
ceased  in  the  inner  portions  of  the  Alps,  but  continued  along 
the  northern  chains  into  the  youngest  Tertiary  periods,  «nd  are 
possibly  even  now  in  progress. 

According  to  Helm's  theory  of  latent  plasticity,  the  tocks 
at  a  depth  of  nearly  7000  feet  would  be  in  a  condition  that 
would  preclude  the  possibiHty  of  gaping  fissures.  This 
assumption  is  correlated  with  the  characteristic  feature  in 
Heim's  geological  surveys,  namely,  the  pre-eminence  of  foldi 
in  all  possible  forms,  and  the  subordinate  place  assigned  to 
faults.  1'hese  have  proved  somewhat  vulnerable  points  of 
attack  in  an  otherwise  classic  work,  and  have  been  called  in 
i]uesiion  by  many  eminent  geologists  during  the  twenty  and 
more  years  that  have  elapsed  shice  the  publication  of  the 
Mtihanhmm. 

Gumbel,  Brocgger,  SlapfT,  ITaff,  Rothplelz,  and  othLTs  have 
opposed  the  theory  of  plasticity  upon  various  grounds.  All 
experimental  attempts  to  reduce  rocks  by  mere  compression 
only  caused  frngmentalion  of  the  material.  I'faff  found  that 
many  rocks  might  be  subjected  lo  a  pressure  of  more  than 
20,000  atmospheres  witbout  showing  any  tendency  to  become 
plastic.  Moreover,  it  is  not  in  accordance  with  the  known 
phenonicna  of  volcanoes  and  earthquakes  to  assume  that 
trust-fissures  cease  at  comparatively  small  depths. 

The  experiments  of  M.  Daubree  and  M.  Favrc  .ire 
especially  nolcworthy.  Daubree  started  from  the  .standpoint 
that  not  only  horizontal,  but  also  vertical  components  of 
force  have  acted  in  bending  and  folding  the  rocks  of  the  crust. 
His  apparatus  consisted  of  a  rectangular  iron  frame,  to  contain 
the  material  unJer  pressure.  The  pressure  was  applied  from 
the  side,  but  sometimes  simultaneously  from  aI)ove.  Instead 
of  the  alternating  layers  of  wool,  cotton,  and  clay  which  had 
been  used  in  the  experiments  of  Sir  James  Hall  in  Edinburgh, 
Daubree  arranged  different  kinds  of  metal  plates  and  sheets 
of  wa.x  mixed  with  clay,  resin,  or  turpentine.  Uy  varying  the 
conditions  of  his  experiments  in  respect  of  the  intensity  and 
direction  of  pressure,  and  the  kinds  of  material,  M.  Daubree 
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obtained  types  of  folding  and  deformation  which  coincided 
with  many  of  those  represented  in  nature.  The  first  account 
of  Daubr^e's  results  appeared  in  1878,  and  in  the  same  year 
Professor  Favre  of  Geneva  published  his  illustrations  of  clay 
strata  which  had  been  placed  upon  a  stretched  band  of 
caoutchouc,  and  thrown  into  folds  on  the  contraction  of  the 
elastic  basis.  In  1888,  Mr.  Cadell  carried  out  a  series  of 
pressure  experiments  and  attained  excellent  imitations  of  the 
icctonical  disturbances  in  mountain-systems.  An  attractive 
experimental  elucidation  of  the  Appalachian  mountains  was 
given  by  Mr.  Bailey  Willis  in  his  work  entitled  The  Mechanics 
of  Appalachian  Structure, 

All  those  experimentalists  have  demonstrated  that  under 
strong  lateral  pressure  the  material  is  not  only  plicated  but  is 
fissured  and  faulted  in  many  different  ways,  and  geologists 
generally  are  inclined  to  think  that  Professor  Heim  has  not 
allowed  sufficiently  for  the  complicating  effects  of  crust- 
dislocations. 

The  geological  significance  of  fissures  and  faults  was  fully 
realised  by  the  Wernerian  School;  this  was  only  to  be 
expected,  since  the  foundation  of  Werner's  doctrines  was 
his  intimate  knowledge  of  the  vein-rock  that  occurred  in  the 
crevices  and  fissures  of  the  crust,  and  his  careful  observation 
of  the  relative  displacements  of  the  rock  on  the  opposite  sides 
of  fault-fissures.  From  time  to  time  special  works  on  faults 
have  appeared  in  mining  literature.  One  of  the  best  known 
earlier  works  is  Carnall's  description  of  the  fissures  in  the 
Carboniferous  district  of  Silesia,  published  in  1836;  numerous 
special  papers  on  the  British  mining  districts  are  included  in 
the  Reports  of  the  Geological  Survey;  and  Kohler  in  1886 
published  a  valuable  monograph,  entitled  Die  Stoningen  der 
Gdnge,  Flotze  und  Lager, 

The  faults  in  mountain-regions  were  examined  by  I)e  la 
Beche,  Sedgwick,  Thurmann,  Harkness,  and  many  others,  and 
their  origin  commonly  ascribed  to  contraction  and  mechanical 
strain ;  William  King  explained  them  as  due  to  processes  of 
crystallisation.  The  mechanical  strains  in  the  crust  during 
mountain-making  are  undoubtedly  the  most  important  factor, 
and  Professor  Daubree  imitated  the  effects  of  strain  in  a  series 
of  experiments.  He  subjected  plates  of  glass,  pieces  of  rock, 
and  wax  prisms  to  torsion  and  to  vertical  and  lateral  pressures, 
and  produced  fissures  and  displacements  which  could  bear 
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detailed  comparison  with  the  phenomena  of  cnist-fTarlurc 
ii)  natuK-.  Daubr^e  also  elucidated  the  influence  or  such 
ftiiclures  on  the  subsequent  surrace  conformalion  of  the  earth, 
and  especially  on  valley  erosion. 

Kcyer  in  his  7'heorelisclte  Geo/of^U^  published  in  1888, 
discusses  the  causes  and  phenomena  of  crustrupturea.  He 
refers  fractures  to  differences  of  tension  arising  fiom  varioiu 
causes,  inequality  of  the  superincumbent  weight  or  in  the 
rate  of  gain  and  loss  by  chemical  changes,  and  inequality  in 
the  access  or  abstraction  of  heat  in  the  rocks  of  adjacent 
areas.  Dr.  Reyer  cites  numerous  examples  of  steplault*, 
trough- faults,  and  fault-nets,  in  order  to  show  thai  areas  of 
subsidence  bounded  by  fault-fissures  are  frequently  strenglli- 
ened  by  the  injection  of  eruptive  masses,  and  are  rendered 
so  much  the  more  resistant  in  subsequent  cmst-dtsturbances. 

The  first  volume  of  Suess's  Anilitz  der  Eide  appeared  in  paiti 
during  the  years  1883-85  ;  the  second  volume  followed  in  1888; 
and  the  third-and  last  volume  has  recently  been  completed. 
The  author  incorporates  in  this  work  many  ideas  which  he 
had  enunciated  in  skeleton  in  the  Enlikliiing  dfr  Alfin. 
]iut  the  later  work  is  not  limited  to  the  consideration  of  the 
origin  of  mountains  and  continents,  it  surveys  the  whole 
history  of  terrestrial  change  in  the  course  of  the  geological 
epochs.  In  the  hands  of  the  most  accomplished  of  foreign 
geologists,  and  one  of  the  strictest  logicians  of  any  age,  crusi- 
Icctonics  may  be  almost  said  to  have  been  elevated  into  a 
new  inductive  philosophy  of  earth-configuration. 

The  leading  purpose  of  the  work  is  to  explain  the  present 
conformation  of  the  earth's  surface  upon  the  basis  of  tlic 
previous  changes  in  the  oceans  and  continents  of  the  earth. 
And  first  the  movements  in  the  solid  outer  framework  of  the 
earth  are  considered. 

Sucss  begins  by  discussing  the  Deluge  of  the  Scriptures, 
as  one  of  the  last  grand  geological  events,  which  visited 
Mesopotamia  with  a  devastating  inundation,  probably  the  result 
of  an  earthquake  or  a  cyclone  from  the  I'crsian  Sea.  In 
addition  to  the  Mosaic  account,  the  Izdubar  Epic  of  the 
Italiylonian  licrosus  serves  as  [he  historical  basis  of  this 
chapter. 

A  second  chapter  treats  of  Earthquakes,  and  a  third 
elucidates  the  various  kinds  of  dislocations  associated  with  the 
contraction    of    the    earth's    nucleus.     The    movements    are 
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resolved  into  tangential  and  radial  tensions,  which  give  effect 
to  horizontal  and  vertical  displacements.  Under  horizontal 
displacements  Suess  describes  folds,  anticlinal  domes,  over- 
thrusts,  and  lateral  shifts  effected  by  dip-faults.  The  vertical 
displacements  are  evidenced  by  subsidence  or  inthrows,  and 
they  are  accompanied  by  numerous  fissures  and  faults,  which 
may  again  be  sub-divided  into  peripheral,  radial,  diagonal,  and 
transversal  faults.  The  nature  of  the  subsidence  in  dislocated 
segments  of  the  earth's  crust  determines  the  arrangement  of 
the  faults  as  limiting-lines  of  crust-basins,  crust-troughs, 
flexures,  or  table-lands.  The  combination  of  a  subsiding 
and  tangential  movement  gives  origin  to  specially  complicated 
tectonical  appearances,  such  as  the  development  of  fore-folds 
and  back-folds. 

Suess  regards  volcanoes  only  as  slight  and  superficial 
indications  of  important  phenomena  in  the  nuclear  mass  of 
the  earth.  He  describes  a  number  of  examples  showing  the 
gradual  denudation  and  partial  disturbance  of  volcanoes,  and 
establishes  a  "  series  of  denudation  forms  "  intended  to  prove 
that  there  is  no  fundamental  difference  between  the  volcanic 
explosions  and  ejections  of  the  present  time,  the  massive  flows 
of  earlier  periods,  and  the  laccolites  and  deep  intrusions  of  the 
oldest  periods.  The  fissures  and  dykes  of  active  and  extinct 
volcanoes  are  carefully  discussed,  also  the  dislocations  caused 
by  earthquakes. 

After  these  preliminary  chapters,  Suess  makes  a  compara- 
tive investigation  of  the  mountain-systems  of  the  earth,  and  an 
attempt  to  discover  their  geological  history  from  their  tec- 
tonical structure.  To  the  geologist  the  subject  is  opened  out 
with  unflagging  interest.  Beginning  with  the  Northern  Sub- 
Alpine  area,  Suess  emphasises  the  obstructive  influence  which 
had  been  exerted  by  the  mountain-ranges  of  Central  Europe, 
the  Sudeten  mountains,  and  the  Russian  plateau.  These 
resisting  crust-blocks  had  for  the  most  part  successfully 
stemmed  back  the  advancing  Alpine  folds,  or  in  the  case  of 
the  Sudeten  and  a  part  of  the  Russian  plateau,  the  northward 
crust-creep  had  carried  the  Carpathian  folds  partially  over  the 
ancient  mountain-masses. 

Suess  elucidates  the  direction  of  strike  of  the  dominant 
folds  in  the  Alpine  system,  and  his  description  of  the  cur- 
vature and  whirl-shaped  arrangement  of  the  leading  lines 
of  strike  has  thrown  an  entirely  new  light  upon  Alpine  geology. 
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The  older  view,  that  in  tbe  Noriliern  Hemisphere,  from  the 
Caspian  Sea  to  the  American  shores  of  t!ic  Pacific,  folding- 
movements  had  been  directed  to  the  north,  north-wett,  ot 
north-east,  is  shown  to  be  erroneous  for  the  southern  ApcfJ- 
nines  and  other  outrunners  of  the  Alpine  system,  as  well  8* 
for  the  coastal  chains  in  North  America.  A  special  chapter  is 
devoted  to  the  work  of  Mojsisovics  on  the  inthrown  area  of 
the  "Dolomites"  in  South  Tyrol,  with  which  the  origin  of  the 
Adriatic  Sea  is  associated. 

Another  chapter  is  devoted  to  the  geological  history  of  the 
Mediterranean  Sea,  which  he  proves  to  be  a  remnant  from  a 
much  greater  ocean.  He  calls  this  ancient  ocean  "Thctys,' 
and  by  an  exhaustive  discussion  of  the  various  Tcitury 
deposits  demonstrates  the  former  extent,  boundaries,  and 
phases  of  development  of  the  original  ocean  of  "Thctys," 
It  extended  across  the  Atlantic  Ocean  to  the  southern  coasii 
of  North  America,  and  through  Central  Europe  lo  the  inner 
recesses  of  Central  Asia.  The  fragmentation  of  the  nviglit)Oi:r- 
ing  continents,  the  recent  inlhrows  of  the  jl^gean  and  Black 
Seas,  are  described  with  admirable  mastery  of  detail. 

The  following  chapters  treat  the  Sahara  table-land,  with 
its  continuation  towards  Arabia  and  Palestine ;  the  broad 
South  African  table-land,  which  formerly  extended  a^ 
"Gondwana  I-and "  across  Madagascar  to  Southern  India  and 
Australia  and  is  bounded  on  all  sides  by  a  fauhcd  coast ;  and 
lastly,  the  mountain-systems  of  India  and  Central  .^sia  and 
their  toctonical  relations  to  the  Alps  and  European  mountains. 
Suess  then  proceeds  to  describe  the  leading  features  of  .America 
In  South  America  there  is  a  certain  unity  of  structure.  In 
the  east  and  in  the  middle  the  great  Brazilian  tai)le-land  is 
composed  of  little  disturbed  I'alajozoic  strata  ;  in  the  west  llie 
folded  mountain-chains  are  mostly  composed  of  Jurassic  rocks. 
Still  younger  stiata  occur  near  the  Pacific  coast,  and  ihc 
volcanoes  and  earthquakes  of  this  area  indicate  the  continuance 
of  crust-disturbances  in  the  present  day. 

Central  America  is  interposed  between  North  and  South 
America  with  a  structure  geologically  independent  of  either, 
and  representing  a  part  of  the  former  land-girdle  of  the  Thetys. 
In  North  America,  the  Appalachians;,  the  Mountains  of  thi.- 
West,  and  the  intervening  table-lands  afford  the  author 
frequent  opportunity  of  discussing  the  Americin  lileraiurc  on 
the  origin  of  mountain -systems. 
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The  first  volume  concludes  with  a  summary  of  the  most 
important  results  obtained  throughout  the  work.  It  is 
pointed  out  that  the  names  Old  and  New  World  are,  geo- 
logically speaking,  quite  unjustified,  as  the  greater  part  of 
North  America  has  been  exposed  as  dry  land  since  the 
Cretaceous  epoch,  and  is  therefore  of  considerable  antiquity. 
South  America  has  its  own  distinct  structure;  it  may  be 
described  as  a  gigantic  crust-buckle  bounded  on  three  sides 
by  high  mountain-walls,  but  unbroken  by  any  tectonical  lines 
towards  the  east  and  north-east 

In  the  Old  World  three  dissimilar  regions  have  been  welded 
together:  (i)  the  southern  parts  of  the  ancient  Gondwana 
Land,  which  has  never  been  completely  submerged  since  the 
conclusion  of  the  Carboniferous  epoch ;  (2)  Indo-Africa,  the 
present  Sahara,  Egypt,  Syria,  and  Arabia,  covered  by  the  ocean 
in  the  Cretaceous  epoch,  but  never  subjected  to  folding-move- 
ments since  Palaeozoic  time ;  and  (3)  Eurasia,  the  north-west 
of  Africa,  Europe,  and  the  remainder  of  Asia.  The  southern 
borders  of  Eurasia  are  strongly  folded,  and  throughout  long 
tracts  they  have  been  thrust  above  the  Indo-African  table-land. 

The  second  volume  begins  with  a  historical  account  of  the 
different  opinions  regarding  secular  movements  of  upheaval 
and  depression  of  the  land.  Suess  points  out  the  advantages 
of  the  terms  "positive"  and  "negative"  as  signifying  the 
relative  character  of  coastal  displacements  (ante^  p.  292). 

Two  of  the  most  brilliant  chapters  in  the  work  are  devoted 
to  the  boundaries  of  the  Atlantic  and  Pacific  Oceans.  All  the 
erudition  of  a  century  is  summed  up  in  these  pages ;  as  one 
reads,  broad  geological  portraits  of  the  face  of  the  earth  as  it  is 
and  as  it  was  are  called  forth,  till  one  forgets  to  marvel  at  the 
magician's  touch  or  question  the  individual  features.  A  com- 
parison of  the  North  European  and  North  American  fault-areas 
discloses  unexpected  homologies  between  the  two  territories. 
The  re-construclion  of  the  ancient  Armorican  and  Variscan 
mountain-systems  in  Central  Europe,  the  elucidation  of  their 
losses  by  fracture  and  denudation,  and  the  proof  of  the 
similarity  in  the  direction  of  the  later  folding  that  gave  origin 
to  the  Alps  and  Pyrenees,  are  masterpieces  of  scientific 
argument. 

The  Face  of  the  Earth  is  intended,  however,  not  only  to 
explain  the  origin  of  mountains,  but  also  to  trace  in  chrono- 
logical succession  the  chief  vicissitudes  of  the  solid  crust  since 
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it  began  to  fonn.  A  detailed  account  of  the  PalKoioic, 
Mt'sozoic,  and  Tertiary  oceans,  with  their  transgressions  and 
retrogressions,  comprises  mniiy  new  conceptions,  and  lezds  the 
author  finally  to  the  consideration  of  the  oscillations  o(  ihe 
ocean  surface  at  the  present  day.  The  emerging  coasts  of 
Scandinavia  are  viewed  as  proof  of  lowered  scalevel,  and  the 
general  opinion  in  favour  of  crust -elevation  is  strongly  op- 
posed. Similarly,  Suess  explains  the  strand  displaccmenu  in 
progress  on  the  coasts  of  the  Mediterranean  Sea,  the  I'acilic 
and  Indian  Oceans,  as  the  result  of  movemenls  in  tlie  aqueous 
envelope  of  the  earth,  but  not  in  the  sohd  crust. 

According  to  Suess,  ruptures  and  collapses  alTecting  the 
whole  thickness  of  the  earth's  cruse,  together  with  tangential 
folding  of  the  upper  horizons,  are  the  forces  to  which  Ihc  canh 
originally  owed  its  surface  conformation.  I'here  is  no  such 
thing  as  an  active  or  passive  emergence  of  portions  of  the 
earth's  crust ;  in  the  estimation  of  Suess,  the  theory  of  elevation 
is  a  great  error.  He  thinks  it  impracticable  to  ascertain  ihc 
ages  of  the  mouiitain-systems  by  any  such  ingenious  method 
of  calculation  as  Elie  de  Beaumont  attempted,  seeing  that  as 
a  rule  the  upheaval  of  a  mouniain-sysicm  occupied  protracted 
intervals  of  time.  Nevertheless,  Suess  is  inclined  to  correlate 
the  grand  physical  events  of  the  earth's  history  with  those  of 
the  development  of  the  organic  world,  and  thinks  it  possible 
in  this  way  to  erect  a  natural  and  universal  classification  of  the 
formations.  For  this  purpose  it  is  not  so  much  the  origin  of 
new  mountain-systems  that  comes  into  question  as  the  periodic 
recurrence  of  those  great  pelagic  transgressions,  whose  cause  of 
orij;in  until  now  has  not  yet  been  discovered. 

Many  of  the  hypotheses  suggested  by  Suess  will  probably 
not  endure  the  criticism  of  the  future.  Yet  there  can  be  no 
doubt  that  even  the  expression  of  a  hypothesis  having  due 
respect  lo  all  known  data  marks  an  important  step  in  advance. 
In  the  midst  of  the  present  activity  in  conducting  detailed 
investigations  there  is  a  certain  danger  that  scientific  workeis 
may  become  parochial  in  their  interests  and  leaching  ;  but  a 
work  like  that  of  Suuss,  so  cosmopolitan  in  its  standpoint, 
reminds  all  workers  of  their  community  of  aim,  rouses  each 
one  from  the  particular  to  the  general,  and  brings  him  back 
with  renewed  vigour  and  mental  insiglit  to  the  particular. 
The  time  was  ripe  for  an  elTort  lo  establish  systematic  clearness 
in  the  acquired  abundance  of  detail  and  to  seek  for  compre- 
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hensive  laws  and  principles.  One  of  the  most  distinguished  of 
living  geologists,  Professor  Marcel  Bertrand,  writes  in  the  pre- 
face 10  the  French  translation  of  Suess's  work,  by  M.  de  Margerie: 
**The  creation  of  a  science,  like  that  of  a  world,  demands  more 
than  a  single  day;  but  when  our  successors  write  the  history 
of  our  science,  I  am  convinced  that  they  will  say  that  the  work 
of  Suess  marks  the  end  of  the  first  day,  wJun  there  was  light,'* 

Suess  has  secured  almost  general  recognition  for  the  Con- 
traction Theory.  Yet  there  are  individual  attempts  to  explain 
mountain-making  in  some  other  way.  Amongst  these  the  most 
worthy  of  note  is  Mellard  Reade's  attempt  to  work  out  the 
Huttonian  expansion  theory  in  detail  and  to  make  it  agree 
with  the  ascertained  facts  of  modem  geology.  Mellard  Reade 
made  a  number  of  experiments  on  the  expansion  of  metals  and 
rocks  under  different  modes  of  heating,  and  applied  his  results 
theoretically  to  explain  the  movements  within  the  earth's  crust. 

Like  James  Hall  and  Dana,  Mellard  Reade  starts  with  the 
assumption  that  mountain-making  takes  place  only  in  districts 
of  thick  sedimentary  deposits,  and  that  there  is  an  increase  of 
temperature  in  those  parts  of  the  earth's  crust  on  account  of 
the  additional  thickness,  and  therefore  proportional  with  it. 
Whereas  Babbage,  Lyell,  Dana,  and  others  suppose  that 
the  force  of  expansion  called  forth  by  the  increase  of 
temperature  acts  only  in  linear  directions,  vertically  upward, 
Mellard  Reade  shows  that  this  force  must  tend  to  exi)and 
rocks  cubically,  />.,  upward,  downward,  and  laterally.  The 
lateral  expansion  of  the  rocks  in  the  heated  area  is  resisted 
by  the  relatively  less  heated  rocks  of  adjacent  areas,  the  com- 
pression of  the  expanding  rocks  causing  them  to  fold  and  buckle. 
The  upper  layers  being  less  influenced  by  the  earth's  heat  than 
the  lower  are  in  a  condition  of  greater  tension,  while  the  lower 
are  more  strongly  compressed.  Both  are  separated  by  a  neutral 
zone,  in  which  the  rocks  experience  neither  tension  nor  com- 
pression ;  this  zone  is  called  the  **  level  of  no  strain." 

The  rocky  floor  upon  which  the  thick  mantle  of  deposit  has 
gathered  necessarily  participates  in  the  subsequent  rise  of  crust- 
temperature,  the  expansion,  and  the  compression.  Therefore 
the  sedimentary  strata  of  high  antiquity  composing  the  floor 
are  subjected  anew  to  heat  and  pressure,  are  folded  and 
crushed  in  the  most  varied  manner,  and  in  their  plastic  state, 
since  they  are  stemmed  back  by  the  lateral  resistance  of  cooler 
areas  and  harder  masses  of  rock,  they  are  readily  pressed 
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lowards  the  lines  of  least  resistance  in  the  mountatii-Bystem, 
namely,  the  anticlinal  axes  of  the  (olds  and  aiches.  Thus  ihty 
accentuate  the  appearance  of  upheaval  at  the  surface,  and  fomi 
the  axes  of  the  highest  chains,  which  as  a  rule  consist  of  ancii^nt 

crystalline  rocks, 

Cut  as  tlie  origin  of  a  mountain-systeni  occupies  long  geo- 
logical epochs,  many  changes  of  temperature  may  take  place 
in  the  subterranean  masses.  Every  rise  of  temperature  causes 
a  new  movement  of  expansion,  and  the  mounlain-cbains  may 
rise  higher  and  higher  above  the  surrounding  areas.  Fissures 
and  faults  arc  phenomena  of  contraction  produced  by  cooling, 
and  are  therefore  usually  younger  than  the  folding  and  upheaval 
of  the  mountain-chains.  \Vith  every  crust-rupture  a  subsidence 
of  one  or  both  sides  of  the  fissure  is  commonly  associated. 

Mellard  Reade  cites  examples  chiefly  from  British  and  North 
American  geological  literature  in  support  of  his  theory.  The 
weakness  of  the  theory  consists  in  its  treatment  of  mountain* 
making  as  a  merely  local  phenomenon  ;  it  assumes  rather  than 
explains  that  the  expansion  of  limited  crust-blocks  by  little  and 
little  can  effect  the  uprise  of  vast  mountainous  tracts. 

The  American  geologist,  C.  E.  Dutton,  in  a  t>apt;r  "On 
some  of  the  Greater  Problems  of  Physical  Geology."  in  189: 
also  contests  the  Contraction  Tiieory  and  proposes  his  ibcorv 
of  "Isostasy."  He  points  out  that  the  earth's  crust  is  not 
homogeneous,  but  consists  of  heavier  and  hghter  masses  ;  iht 
effort  to  arrive  at  equilibrium  causes  the  heavier  masses  to 
subside  and  the  lighter  masses  to  rise  as  crust- buckles.  If  an 
area  which  has  already  subsided  is  weighted  by  thick  masses 
of  sediment  it  must  sink  farther,  and  if  simultaneously  the 
adjacent  crust-buckle  is  lowered  by  the  agencies  of  surface 
denudation,  the  socket  of  the  arch  is  so  much  lightened  and 
rises  farther.  Should  these  movements  overcome  the  rigidity 
of  the  earth's  crust,  Dutton  supposes  that  in  the  liitotal  sedi 
nients,  crust-creep  or  flow  takes  place  towards  the  coniineiU  in 
course  of  denudation,  and  this  flow  movement  may  Ijeconit- 
so  intense  as  to  produce  folds  and  build  up  mountain-chains. 

Dr.  l^eyer,  another  opponent  of  tlie  Contraction  Theory, 
has  suggCiled  a  theory  of  mountain-making  h.ised  upon  exten- 
sive crust-slip.  He  assumes  that  every  system  of  cruit  fulih 
begins  with  a  crust-rupture  anil  with  the  sinking  of  sevtr.il 
crust-blocks  towards  one  direction,  so  that  the  earth's  relief  i* 
made  unsymmetrical,  with  a  definite  slope  on  one  side.     H 
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the  sedimentary  rocks  beside  a  rupture  are  tilted  by  upheaval, 
then,  according  to  Reyer,  the  rock-strata  glide  downward  and 
as  they  do  so  fall  into  complicated  folds. 

An  Alpine  geologist  of  wide  experience,  Professor  Rothpletz 
in  Munich,  holds  the  Contraction  Theory  to  be  inadequate  as 
an  explanation  of  volcanoes  and  of  the  unlike  distribution 
of  gravity  in  the  earth's  crust.  He  believes  that  a  better 
explanation  is  afforded  on  the  basis  of  crust-expansion  in 
certain  regions. 

Rothpletz  recognises  three  distinct  spherical  zones  of  rock- 
material  in  the  earth,  according  to  their  physical  condition. 
Below  the  rigid  crust  is  the  viscous  or  molten  nucleus,  and 
between  both  a  zone  of  cooling  and  consolidation.  Professor 
Rothpletz  assumes  tliat  the  masses  in  the  intermediate  zone  do 
not  contract  as  they  would  on  cooling  under  normal  pressure  of 
superincumbent  rock,  but  expand  as  they  cool,  in  analogy  with 
bismuth  and  other  substances.  From  this  zone,  therefore, 
vertical  and  tangential  pressures  are  exerted  upon  the  solid 
crust  At  localities  of  weak  resistance  the  crust  is  torn,  the 
expansion  of  the  intermediate  zone  pushes  the  crust  upward 
and  produces  continents  or  table-lands  at  the  surface,  and  the 
seams  are  invaded  by  Che  uprush  of  molten  magma  from  the 
nucleus.  At  the  same  time  the  tangential  tension  in  the 
emerged  continents  tries  to  relieve  itself  locally  by  the  forma- 
tion of  folds.  Hence  mountains  are  upheaved  and  volcanic 
invasions  occur  on  the  continents  at  the  places  of  least 
resistance. 


CHAPTER  IV. 

PETROGRAPllV. 

T»E  investigation  of  the  rocks  which  compose  our  farth's 
crust  has  always  been  conducC(;d  along  two  directions  of  study  ; 
(i)  the  investigation  of  tlie  mineralogical  and  chemical 
composition,  the  structure  or  rocks,  iheir  mode  of  occurrcnco; 
(z)  the  investigation  of  their  mode  of  origin. 

The  systematic  arrangement  and  the  morphology  of  rock- 
varielies  has  been  constructed  mainly  upon  a  mincralogical 
basis ;  the  questions  concerning  the  origin  of  rock -varieties 
have  been  handled  more  from  the  geological  and  chemical 
side.  A  distinclion  between  massive  eruptive  rocks  and 
stratified  deposits  was  early  recognised  in  petrographical 
literature.  Hutlon's  was  the  genius  which  first  difTe  re  minted 
clearly  between  plutonic,  volcanic,  and  sedimentary  rocks  in 
point  of  origin  ;  while  Werner,  too  biassed  by  Ncptunistic 
doctrines  to  perceive  the  fundamental  truths  which  tlutlon 
had  taught,  nevertheless  accomplished  the  task  of  erecting  a 
systematic  classification  of  rocks  upon  mineralogical  con- 
sidernlions. 

During  the  first  half  of  the  nineteenth  century,  all  pelro- 
graphical  ivorks  followed  Werner's  system.  His  determina- 
tion of  rocks  as  simple  or  composite  occurs  in  most  of  the  later 
ailempis  at  classification,  and  also  his  fundamental  principli: 
of  dilTerentiating  the  essential  and  the  accessory  miner.ils  in 
mixed  rocks  \tas  been  continued  to  the  present  day. 

Brongniart  had  in  1813,  in  his  table  of  Composite  Rocks, 
assigned  great  importance  to  the  structural  relations,  and  dis- 
tinguished accordingly  three  chief  classes :  1,  the  "  isomeriti-s," 
or  granitoid  varieties  of  rock,  in  which  the  individual  elemtiiis 
arc  united  only  by  crystalline  aggregation,  and  there  is 
no  finer  matrix,  e.j,'.,  granite,  syenite,  protofiine ;  2,  the 
"anisomerites,"   or  porphyriiic  and  hemicrystalline  varieties, 
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in  which  the  chief  mineral  constituents  lie  imbedded  in  a 
**  matrix*'  or  ground-mass,  e.g.^  gneiss,  schist,  phyllite,  porphyry, 
trachyte,  obsidian,  lava;  3,  the  "aggregated"  or  fragmental 
varieties,  which  take  origin  by  mechanical  means,  and  whose 
ingredients  are  cemented  together  by  subsequent  infilling  of 
material,  e.g.,  psammites  (sandstone,  greywacke),  pudding- 
stones,  and  breccias. 

lirongniart,  as  well  as  his  predecessors  Hauy  and  Cordier, 
confined  themselves  exclusively  to  the  mineralogical  com- 
position and  structure  of  the  rocks,  without  respect  to  their 
mode  of  occurrence,  their  age,  or  their  origin.  While  this 
method  of  treatment  proved  undoubtedly  beneficial  to  the 
development  of  systematic  petrography,  it  endangered  the 
connection  between  geology  and  petrography,  and  in  this 
respect  the  direction  initiated  by  the  French  petrographers 
must  be  regarded  as  retrograde  in  comparison  with  the 
Wernerian  School. 

The  best  and  most  complete  work  of  that  time  on  petrology 
was  Leonhard's^  Charakteristik  der  Feharten  (1823-24).  In 
this  work  likewise  the  mineralogical  standpoint  predominates, 
but  the  Wernerian  influence  is  apparent  in  the  frequent 
digressions  which  give  information  regarding  the  occurrence 
of  the  different  kinds  of  rock  in  the  field  and  their  mode  of 
origin.  I^onhard  distinguished  four  sub-divisions  of  rocks : 
I,  rocks  composed  of  unlike  elements;  2,  rocks  apparently 
uniform  ;  3,  derivative  or  fragmental  rocks ;  4,  friable  and  in- 
coherent rocks.  As  all  Leonhard's  distinctions  were  founded 
on  macroscopic  examination  of  the  rocks,  the  group  of  the 
"apparently  uniform"  rocks  is  quite  artificial,  and  the  limits 
of  the  others  are  unsatisfactory. 

Cordier'-^  had  suggested  in  18 15,  according  to  the  precedent 

*  Cr.rl  Ciisar  von  Ixioiihard,  born  1779  at  Kiimpcnhcim  near  Hanau, 
studied  in  Marburg  and  GoUingcn  ;  in  1800  entered  into  the  Hessian 
Government  Service;  in  1810  was  appointed  Councillor  of  the  Exchetjucr 
in  Chur  Hesse,  and  afterwards  Director  of  Dt)mains ;  in  18 16  accepted  a 
call  to  the  Munich  Academy,  but  left  Munich  in  1818  to  be  Professor  of 
Mineralogy  and  Geognosy  at  the  University  of  Heidelberg,  where  he  died 
on  the  23rd  January  1862. 

'  Pierre  I^ouis  Antoinc  Cordier,  born  1777  in  Ab])eville,  began  life  as 
a  mining  engineer  in  1797  ;  look  part  under  I)nl<»mieu  in  the  Kgjplian 
Kxpedition  ;  in  1819,  succeeded  Faujas  de  Saint-Fond  as  Professor  of 
Geol(^y  at  the  Botanical  Garden,  and  at  the  Restoration  of  the  Empire 
was  made  a  peer  of  France.     He  died  in  1862. 


i 


326   HISTORY   OF   GEOLOGY  AND   rAL.EONTOLOGV. 

of  Fleuriau  de  Bellevue  and  Dolomieu,  to  pulvensc  the 
apparently  homogeneous  rock -varieties,  to  separate  the  particles 
by  weight,  and  test  them  partly  below  the  microscope,  partly 
with  the  magnet,  partly  by  chemical  means  ;  but  this  manner 
of  research  proved  far  from  successful,  as  il  was  exlremcly 
difficult  to  identify  the  mtnule  mineral  particles.  It  showed, 
however,  that  basalt  was  a  composite  rock. 

The  Scottish  geologist.  Professor  William  Nicol,  in  1817 
introduced  a  method  of  preparing  thin  sections  of  fossil 
woods  to  be  examined  by  the  microscope,  and  about  the  same 
time  constructed  a  polarising  microscope  for  the  special 
investigation  of  crystals.  The  insight  of  this  gifted  man  in 
petrographical  pursuits,  no  less  than  in  respect  of  the  difficult 
problems  of  the  geology  of  the  Scottish  Highlands,  failed  to 
carry  conviction  into  the  minds  of  his  contemporaries.  A 
few  petrographers  certainly  adopted  his  method  of  examining 
fossil  woods,  and  it  was  by  this  means  that  Goppcil  was 
enabled  to  delect  the  important  constituents  of  coal. 

In  the  hands  of  Ehrenberg,  the  microscope  proved  of  epoch- 
making  significance,  liy  its  use  Ehrenberg  made  the  dis- 
covery that  a  number  of  wiclely  distribuicd  rocks,  soft  in 
character,  such  as  chalk  and  tripolite,  as  well  as  certain  lime- 
stones from  the  older  formations,  were  entirely  composed  of 
the  skeletons  of  lowly  organisms  (diatoms,  foramini feral. 
Ehrenberg's  work  on  chalk  and  chalk-marls  was  published 
at  lieriin  in  1S39;  fifteen  years  later,  in  his  Miktof^tolo^e,  he 
gave  a  complete  account  of  his  microscopic  investigations  on 
the  composition  of  sedimentary  deposits,  the  work  being 
enriched  by  a  very  large  number  of  excellent  illustrations. 

Although  Ehrenberg's  method  of  microscopic  examination 
of  friable  and  earthy  rock-material  bad  been  so  eminently 
successful,  it  did  not  seem  as  if  it  could  be  adapted  for  the 
investigation  of  the  iiarder  rocks.  The  thin  splinters  of  a 
crystalline  rock  were  not  sufficiently  transparent  even  when 
imbedded  in  CanaJa  kilsant,  and  Nicol's  optical  method  of 
identifying  the  mineral  fragments  was  little  known.  liesidcs 
Nicol  himself,  David  llrcwsler  and  Humphrey  Davy  interested 
themselves  in  the  microscopical  examination  of  the  structural 
relations  of  minerals,  and  the  frequent  fluid  inclusions  of  rock 
minerals.  Schcerer  in  1845  identified  the  hemicrj'stallinc 
structure  of  many  apparently  homogeneous  rocks,  and  in 
transparent  chips  of  crystals  examined  by  transmitted  light 
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he  recognised  numerous  minute  foreign  bodies  and  inclusions. 
But  these  authors  failed  to  make  sufficient  impression  upon 
contemporary  thought.  Petrography  continued  to  be  con- 
ducted for  the  most  part  along  the  old  lines ;  in  Germany  the 
best  known  teachers  of  petrography  were  Rose,  Cotta,  Nau- 
mann,  and  Rath;  in  France,  Delesse,  Durocher,  and  Fournet. 
Naumann's  Lehrbuch  contains  an  admirable  representation  of 
the  state  of  petrography  in  1850.  But,  instead  of  the  sub- 
divisions then  customary,  Naumann  dififerehtiated  rocks  chiefly 
according  to  their  origin  as  crystalline,  clastic,  hyaline,  poriform, 
zoogene,  and  phytogene. 

In  the  following  decade,  the  interest  of  petrographers  was 
chiefly  directed  to  the  chemical  side.  Until  that  time,  geology 
had  troubled  little  about  chemistry.  The  foundations  of 
geology  had  been  laid  without  the  assistance  of  chemistry; 
among  the  leading  geologists  of  the  heroic  period,  only 
Hutton  and  De  Saussure  were  learned  in  chemistry,  and  they 
had  not  seemed  to  find  much  use  for  their  intimate  knowledge 
of  that  branch  of  science.  Cordier  had  in  181 5  ai>plied 
hydrochloric  acid  for  the  determination  of  certain  constituents 
of  rocks,  and  Gmelin  in  1828  had  made  an  analysis  of 
phonolite,  separating  the  elements  that  were  soluble  in  hydro- 
chloric acid  from  those  that  were  insoluble.  But  a  purpose- 
ful chemical  investigation  of  rocks  was  first  attempted  by 
Bischof  and  Bunsen. 

Gustav  Bischof  (ante^  p.  217),  the  founder  of  Chemical 
(ieology,  was  much  more  a  chemist  than  a  geologist,  and 
although  his  lack  of  sound  geological  knowledge  could  not 
affect  his  experimental  chemical  researches  on  rocks,  it  proved 
detrimental  when  he  came  to  draw  generalisations  from  his 
results.  In  the  first  volume  of  his  Text-book  of  Chemical  and 
Physical  Geology^  Bischof  begins  with  the  consideration  of  the 
water  on  the  surface  of  the  earth  and  in  internal  cavities  and 
joints ;  after  a  detailed  description  of  springs,  he  turns  his 
attention  to  their  temperature,  their  chemical  ingredients,  etc., 
and  to  the  chemical  changes  which  are  set  up  in  the  rocks 
when  water  is  brought  into  contact  with  them.  The  second 
volume  is  a  complete  chemical  mineralogy  and  petrology,  in 
which  the  mode  of  origin  of  the  rocks  receives  a  large  share 
of  attention.  When  he  reviews  his  facts,  Bischof  arrives  at 
conclusions  of  an  ultra-Neptunistic  tendency  and  quite 
erroneous.      The  work  is  of  high  value  on  account  of  the 
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mass  of  rocks.  Sorby's  paper  was  no  less  than  epochal  in  its 
effect,  it  appealed  both  to  field  geologists  and  to  mineralogists, 
for  it  revealed  the  community  of  interest  in  the  results  which 
could  be  obtained  by  accurate  microscopic  examination  of 
rocks. 

Sorby's  method  was  applied  by  Websky,  who  examined  thin 
sections  of  minerals  by  polarised  light,  and  attained  brilliant 
results.  A  happy  circumstance  brought  Sorby's  influence 
directly  to  bear  upon  Ferdinand  Zirkel.  In  the  year  1862, 
while  at  Bonn,  Sorby  personally  initiated  Zirkel  into  his 
methods  of  investigation,  and  inspired  him  with  enthusiasm 
for  the  new  field  of  research. 

Specimens  of  crystalline  rocks  from  all  parts  of  the  world 
were  secured  by  Zirkel,  who  submitted  them  to  microsco[)ic 
examination  by  transmitted  and  polarised  light,  and  arrived 
at  ever  sharper  definitions  of  the  various  inclusions,  and  the 
appearances  displayed  in  polarised  light.  By  his  compre- 
hensive researches  Zirkel  established  Sorby's  methods  upon 
a  broader  empirical  basis,  and  he  at  the  same  time  introduced 
the  new  methods  in  his  teaching  of  petrography  at  Bonn 
University. 

There  were  still  some  incredulous  voices :  Vogelsang  in 
1864  doubted  the  existence  of  glassy  inclusions  in  the  com- 
ponent ingredients  of  porphyry,  and  other  rocks  of  non-glassy 
structure ;  Laspeyres  in  the  same  year  also  disputed  the 
glassy  inclusions  in  porphyritic  rocks  of  Halle,  and  even 
doubted  the  distinction  between  glass  and  water  vesicles. 

The  publication  of  Zirkel's  Lehrbuch  der  Petrograp/iie 
(Bonn,  1866)  may  be  said  to  mark  the  culmination  of  the 
older  methods,  and  the  academical  initiation  of  the  new.  In 
his  text-book  Zirkel  embraced  all  that  was  known  about  the 
mineralogical  and  chemical  composition,  the  structure,  system- 
atic arrangement,  the  mode  of  occurrence  and  origin  of  the 
various  rocks;  he  also  described  the  crystallographical  results 
which  had  already  accrued  from  microscopic  investigation,  and 
indicated  the  far-reaching  advantages  opened  up  by  the  new 
direction  of  research.  Zirkel's  work  removed  all  doubt 
regarding  the  value  of  the  microscopic  results  for  systematic 
petrography. 

Vogelsang,  in  his  Philosophie  der  Geologic  und  Mikro- 
skopische  Gesteins-Studien  (Bonn,  1867),  accepted  the  new 
teaching  in  full,  and  added  much   to  the  knowledge  oC  V.K^ 
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A  few  months  before  the  appearance  of  Z  irk  el's  work 
on  basalt,  Tschcrniak  l:ad  published  a  short  hut  valuable 
|i.i]>er  on  the  microscopic  differentiation  of  the  minerals 
l^elonging  10  the  augite,  hornblende,  and  bioiile  group,  and 
thus  removed  one  of  the  chief  difficulties  in  the  identification 
of  rock-forming  minerals. 

The  year  1873  was  signalised  by  the  almost  simulianeous 
apjxrarance  of  two  works,  in  which  the  two  mosl  distinguished 
masters  in  the  domain  of  microscopical  research  comprised 
the  quintessence  of  ihuir  investigations.  Under  the  title.  Die 
tiiikroskophcke  Btschaffenkdt  der  yUniralicn  und  F(liarl<n 
([A-ipiiig.  1S73),  Zirkel  gives  an  introductory  code  of  instruc- 
tions as  to  the  use  of  the  microscope,  examination  by  means 
of  p'llarised  light,  and  the  muihods  of  producing  faithful 
illustrations.  He  then  describes  the  mifroscopic.il  structure  of 
ro'  kforniing  minerals  with  special  respecl  to  the  various  kinds 
of  inc.lusii)ns  and  t!ie  products  of  decomposition.  The 
optical  and  physical  characteristics  of  mineral  sections  are 
next  described ;  and  the  results  obtained  in  the  earlier 
cIi,yjUrs  on  minerals  arc  applied  in  the  latter  half  of  the  work, 
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which  is  devoted  to  the  mineral  constitution  and  structural 
features  of  rock-varieties.  The  work  is  fully  illustrated  by 
woodcuts. 

The  other  important  work  was  that  of  Rosenbusch,  en- 
titled, Die  mikroskopische  Physiographie  der  petropaphisch  wich- 
tigen  Mineralien  (Stuttgart,  1873).  ^^  contains  an  exhaustive 
statement  of  the  practical  methods  according  to  which  rocks 
may  be  identified  by  means  of  the  morphological,  physical, 
and  chemical  properties  of  their  component  minerals ;  this  is 
followed  by  a  full  and  methodical  discussion  of  the  microscopic 
characters  of  rock-forming  minerals.  The  optical  consideration 
of  the  phenomena  of  polarisation  was  elucidated  so  admir- 
ably by  Rosenbusch,  that  his  work  created  a  secure  basis  for 
future  petrographical  researches.  By  the  improvement  of  the 
microscope  and  the  polarising  apparatus,  by  the  introduction 
of  a  rotating  stage,  and  by  other  mechanical  aids,  it  was  now 
rendered  possible  to  distinguish  not  only  singly  or  doubly 
refracting  bodies  and  uniaxial  or  biaxial  minerals,  but  also  to 
determine  more  accurately  the  specific  optical  properties  of 
minerals  belonging  to  the  different  systems  of  crystallisation. 
After  the  publication  of  this  great  work,  Rosenbusch  took 
rank  along  with  Zirkel  as  one  of  the  great  pioneers  in  the 
microscopical  investigation  of  rocks.  In  1877,  Rosenbusch 
published  a  second  volume  entitled  Die  mikroskopische 
Physiographie  der  massigen  Gesfeifte, 

Rosenbusch  distinguished  the  massive  rocks  according  to 
the  felspathic  modifications: — i,  Orthoclase  rocks;  2,  Ortho- 
clase,  nepheline,  leucite  rocks;  3,  Plagioclase  rocks;  4,  Plagio- 
clase,  nepheline,  leucite  rocks;  5,  Nepheline  rocks;  6,  Leucite 
rocks ;  7,  Non-felspathic  rocks  or  peridotites.  Each  of  these 
groups  was  subject  to  further  sub-division  according  to  the 
particular  rock-structure,  or  in  the  case  of  the  felspathic  rocks 
according  to  the  presence  or  absence  of  quartz.  Like  Zirkel, 
Rosenbusch  gave  due  consideration  to  the  geological  age  of 
the  rocks,  as  the  older  and  the  younger  representatives  of  each 
group  were  handled  separately. 

The  optical  method  brought  to  such  a  high  point  by 
Rosenbusch  was  still  further  elaborated  by  Bertrand,  Klein, 
and  Lasaulx  in  memoirs  which  appeared  in  1878.  Schuster 
proved  in  the  following  year  that  the  felspars  which  had 
been  recognised  in  such  a  masterly  way  by  Tschermak  from 
their  composition  to  be  isomorphous  mixtures,  represented  a 
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series  of  close! y-mbtL'd  modifications  which  could  be  opiica% 
disiiiiguishcd. 

In  addition  to  the  service  rendered  by  microscopic  methods 
in  Tacilitating  the  accurate  mineralo^cal  identilication  of 
the  chief  constituents  of  rocks,  these  methods  disclo.snl  the 
existence  of  a  considerable  number  of  subordinate  miner^tl 
constituents  which  had  either  been  wholly  overlooked  by 
raacroscopic  research  or  had  been  supposed  to  be  extrcincly 

To  mention  one  example,  augite  was  found  to  be  present  in 

granite,  porphyrj',  rhyolite,  phonolite,  etc  This  discovery  was 
a  direct  contradiction  to  previous  teaching  that  certain  minerals 
could  not  exist  in  association  with  each  other  in  the  same 
rock ;  amongst  other  couples  quartz  and  augite,  orlhoclasc  and 
augite,  leucite  and  plagioclase,  had  been  said  to  be  mutually 
exclusive. 

Microscopical  research  made  it  possible  for  the  first  lime 
to  attain  a  clear  conception  of  the  difTerent  kinds  of  rock- 
structure.  The  composition  and  structure  of  the  ground-mass 
in  hemicrystallinc  rocks  was  revealed,  and  new  light  was 
thrown  upon  characteristic  structures  of  glassy  rocks,  fluxion 
structure,  spherulitic  and  pcrlitic  structure  Hence  with  the 
aid  of  the  microscope  the  origin  of  the  crystalline  rocks  began 
lo  be  belter  understood,  and  their  relations  to  the  group  of 
apparently  homogeneous  rocks. 

The  indifference  ivith  which  the  large  body  of  geologists 
had  long  viewed  the  niiiroscopic  study  of  rocks  now  gave 
place  to  zealous  interest,  and  from  the  year  1870  the  ver)' 
large  numl)er  of  special  pajiers  that  were  devoted  to 
peirologii'al  subjects  not  only  filled  Mineralogii  al  Journals, 
but  occupied  a  large  share  of  the  space  in  the  Journals  of 
Geological  Societies.  The  sudden  influx  of  new  literature  was 
unprecedented,  and  tt  would  be  hopeless  to  attempt  lo  men- 
lion  individual  jrapeis  in  the  present  work.  Hetween  1870  and 
1880,  Iwo-thirds  of  the  publications  on  microscopic  j>ctro- 
Rra|ihy  belonged  to  Germany  and  Austria.  Amongst  British 
workers  Allpnrt,  Kutlcy,  Hoii£;hton.  Honney,  Archibald  Geikie. 
Teall,  Harker,  may  be  named  ;  in  North  America  some  of  ihc 
pioneers  were  A.  Hnnue,  Whitman  Cross,  Iddings,  G.  H. 
Williams,  Wadsworlh.  j-awson. 

The  results  of  these  researches  necessitated  many  changes  in 
the  systematic  arrangement  of  the  rocks,  and  in  no  group  was 
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the  influence  of  microscopic  study  more  revolutionary  than 
in  that  of  the  massive  rocks.  Ztrkel,  in  1866,  classified  the 
massive  crystalline  rocks  mainly  upon  the  basis  of  the  modi- 
fications of  felspar,  and  sub-divided  them  into  five  chief 
groups — orthoclase,  orthoclase  and  oligoclase,  nepheline  and 
leucite,  labradorite,  anorthite  rocks.  The  orthoclase  and 
oligoclase  group  was  sub-divided  into  rocks  containing  quartz 
and  rocks  without  quartz,  and  the  members  of  the  sub-groups 
were  further  distinguished  by  the  presence  or  absence  of 
hornblende  or  augite,  or  of  different  modifications  of  felspar. 
The  geological  age  and  the  structure  (granitic,  porphyritic, 
glassy)  afforded  additional  means  of  differentiation. 

Notwithstanding  the  great  success  that  attended  the  micro- 
scopic study  of  rocks,  certain  mineral  elements  could  not  be 
identified  by  the  finest  optical  methods,  and  it  was  felt 
necessary  to  combine  microscopic  and  chemical  investigations. 
Micro-chemical  methods  were  invented  for  the  purpose  of 
testing  the  composition  of  minute  mineral  grains;  excellent 
memoirs  dealing  with  this  branch  of  research  were  published 
by  Streng,  Boricky  (1877),  Behrens,  Haushofer  (1883-85),  and 
by  Klement  and  R^nard  (1885). 

Cordier  had  in  181 5  introduced  a  mechanical  means  of 
separating  the  fine  particles  of  mineral  matter  by  reducing 
them  to  powder,  washing  the  powder  with  water,  and  allowing 
the  mineral  particles  to  subside  according  to  their  respective 
specific  gravities.  An  additional  device  for  the  isolation  of 
the  fine  particles  was  communicated  in  1875  by  Fouque, 
who  pulverised  specimens  of  the  Santorin  lava  and  then 
used  a  strong  electro-magnet  to  attract  the  mineral  particles 
containing  iron. 

A  more  signal  improvement  in  mechanical  means  of  isolation 
had  been  suggested  m  1862  by  Count  SchafTgotsch,  and 
afterwards  by  Church.  It  was  proposed  to  introduce  finely 
powdered  mineral  matter  into  a  saturated  chemical  solution, 
such  as  the  solution  of  iodide  of  mercury  and  potassium, 
prepared  by  Thoulet,  and  to  shake  the  mineral  powder  in 
the  solution,  so  that  the  particles  which  are  heavier  than  the 
solution  will  sink  to  the  bottom  while  the  lighter  particles  will 
float.  By  diluting  the  original  solution,  or  using  other  solu- 
tions of  given  density,  the  particles  can  be  obtained  successively 
according  to  their  specific  gravities.  Since  Thoulet  conducted 
his  experiments,  solutions  of  greater  density  have  been  ijro- 
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posed  by  Klein,  Br^on,  Rohrbach,  and  others,  and  h««  been 
used  for  the  purposes  of  separation. 

The  important  results  of  microscopical  and  micro-cliemieal 
search  were  incorporated  in  the  German  text-books  of  Laiaulx 
{187s)  and  O.  Lang  (1877);  while  the  admirable  work  of 
Rosenbusch  mote  especially  gave  an  impulse  to  the  study  of 
petrography  in  other  countries.  In  France,  two  illustrious 
petrographers,  Fouqu^  and  Michel-L^vy,  adopted  the  improved 
methods  and  advanced  scienti6c  research  by  many  valuable 
contributions.  From  the  year  1873,  both  devoted  themselves 
to  the  artificial  preparation  of  silicates,  and  made  a  comparison 
of  the  artificial  products  with  the  natural  occurrences  in  rocks; 
while  Fouqu^  developed  principally  the  crystallographJcal 
aspects  of  microscopic  investigations,  Michel-L^vy  devoted 
himself  more  to  the  microscopic  study  of  the  petrographical 
relations.  In  i87g,  their  conjoint  work  on  the  French  Eruptive 
Rocks  appeared  in  the  form  of  an  expbnatory  text  to  the 
detailed  geological  map  of  France. 

In  this  work  MM.  Foucju^  and  Michel  ■  Levy  followt-d 
the  general  arrangement  of  the  MUroscopk  Physiography  of 
Rosenbusch,  The  French  authors  distinguished  original  and 
secondary  minerals  in  rocks ;  the  former  are  said  to  be  present 
sometimes  as  essential,  sometimes  as  accessory  constituents; 
the  secondary  are  sub-divided  according  to  (he  time  of  their 
generation  into  two  main  groups,  and  these  are  again  divided 
into  sub-groups.  The  rocks  are  classified  with  respect  to  their 
origin,  their  geological  age,  their  mineralogical  com[)osiiion, 
and  their  structure.  The  massive  rocks  of  pre-Tertiary  epochs 
are  held  distinct  from  those  of  Tertiary  and  recent  ages,  and 
certain  differences  are  indicated  between  them.  MNL  Fouqud 
and  Michel-L^vy  recognise  two  leading  types  of  structure  among 
the  massive  crystalline  rocks,  the  granitoid  and  irachytoid  1 
these  terms  almost  corresi>ond  to  the  use  of  tin;  terms 
granular-crystalline,  and  porphyritic  in  the  works  of  the 
German  petrographers. 

The  French  authors  bring  into  pre-eminence  the  mutual 
development  attained  by  the  several  elements  in  the  rocks. 
Their  special  study  of  this  feature  has  led  them  tii  believe 
that  many  massive  rocks  give  evidence  of  the  generation  of 
crystals  or  crystalline  material  in  successive  phases  of  consolida- 
tion. In  both  the  granitoid  and  trachytoid  types,  the  largtr 
crystals  are  generated  during  the  first  phase  of  consolidation. 
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A  second  phase  of  consolidation  is  marked  by  the  generation 
of  smaller  crystals  of  microlites  or  a  microlitic  ground-mass. 
The  development  of  crystallites  and  ground-mass  at  this  phase 
is  limited  to  trachytoid  rocks. 

In  the  case  of  granitoid  rocks  the  consolidation  is  complete 
at  the  close  of  the  second  stage,  but  in  the  case  of  trachytoid 
rocks  there  follows  still  a  third  phase  characterised  by  processes 
of  alteration  in  the  crystals  and  matrix  already  formed,  and  by 
the  constitution  of  a  micro*felsitic,  microlitic  or  glassy  ground- 
mass. 

For  the  identification  of  the  individual  rock-varieties  MM. 
Fouqu^  and  L^vy  regard  the  felspars  of  primary  import- 
ance ;  subordinate  means  of  identification  are  afforded  by  the 
magnesia  -  iron  silicates  (mica,  hornblende,  augite,  diallage, 
hypersthene,  peridote).  The  work  concludes  with  a  detailed 
description  of  the  rock-forming  minerals.  In  France,  the 
Fouqu6-L^vy  system  has  held  an  authoritative  place  in  the 
teaching  of  petrography. 

A  second  edition  of  his  Mikroskopische  Physiographie  der 
petrographisch  wichtigen  Mineralicn  was  produced  by  Rosen- 
busch  in  1885.  Rpsenbusch  had  practically  re-written  this 
work,  and  made  it  an  exhaustive  compendium  of  all  the  results 
obtained  by  microscopical,  crystallographical,  and  micro- 
chemical  methods.  The  optical  phenomena  of  crystallography 
were  discussed  with  the  utmost  care.  In  the  first  edition 
Rosenbusch  had  advanced  microscopical  research  by  the  intro- 
duction of  new  apparatus,  in  the  second  he  was  able  to  add 
many  valuable  mineralogical  results  of  the  improved  means  of 
research.  He  also  gave  full  and  precise  instructions  regarding 
the  use  of  the  microscopic  methods,  so  that  by  following  the 
directions  given  in  this  work  any  earnest  student  might  become 
a  proficient  crystallographer  and  mineralogist. 

In  1888,  Michel-L^vy  and  Lacroix  published  Les  Miniraux 
des  Roches^  a  work  which  provides  an  excellent  general  account 
of  all  the  physical  and  optical  properties  of  rock-forming 
minerals,  and,  like  that  of  Rosenbusch,  gives  full  directions 
for  the  optical  examination  of  thin  sections,  and  for  all  micro- 
chemical  means  of  identifying  mineral  fragments.  The  French 
authors  relied  in  many  cases  on  the  crystallographical  investi- 
gations of  Descloiseaux,  and  also  incorporated  many  of  the 
methods  and  results  of  Rosenbusch. 

Although   Sorby  had   been  the  great   pioneer  of  modern 


iMuurais^   in   wnicii    he   described   the   opt 
properties  displayed  by  the  different   miner 
investigation.     In  the  same  year  a  book  on  j 
was  published  by  Mr.  J.  J.  Harris  Teall.    T 
the  handbook  was  to  bring  the  newest  m 
of  petrological  research  within  the  reach  o 
British   students  and  geologists.     The  wo 
eruptive  rocks  that  occur  in  Great  Britain 
lucid  discussion  of  ground-mass  and  the  rock 
not  be  mineralogically  identified     Frequent 
to  the  investigations  of  Sorby  and  Vogelsai 
composition  of  the  eruptive  rocks  is  full 
respect   to   the   researches  of  Bunsen.     Ir 
texture,  Mr.  Teall  attributes  great  important 
development   of   the   individual    mineral    c 
features  enumerated  as  valuable  for  the  s^ 

4 

ment  of  the  rocks  are  (i)  the  chemical  coi 
mineralogical  composition,  (3)  the  texture,  (^ 
(5)  the  origin,  (6)  the  geological  age,  (7) 
however,  the  chemical  composition  cannot 
hand-specimen,  Mr.  Teall  applies  the  mineralc 
as  the  primary  means  of  classification,  and  u; 
differentiation  of  sub-groups.  The  work  co 
valuable  remarks  on  the  origin  and  the  meta 
crystalline  massive  rocks. 

During  the  same  year  Rosenbusch  publish 
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ture  of  the  eruptive  rocks  is  dependent  upon  the  conditions  of 
their  geological  occurrence^  and  classified  them  accordingly  in 
three  chief  groups :  deep-seated  or  "  plutonic "  rocks,  intru- 
sive or  "dyke"  rocks,  and  eruptive  flows  or  ** sheets."  This 
new  standpoint  assumed  by  Rosenbusch  re-acted  upon  the 
whole  newer  development  of  petrography.  By  subordinating 
in  his  new  system  all  considerations  of  the  chemical  and 
mineralogical  composition,  and  the  geological  age,  to  the 
mode  of  occurrence  of  eruptive  rocks  in  nature,  Rosenbusch 
removed  as  it  were  the  final  judgment  of  petrography  from 
the  laboratory  to  the  field.  The  petrographer  was  made  to 
feel  that  the  microscope  and  chemical  re-agents  were  to  be 
regarded  as  aids  to  field  observations,  but  that  systematic 
interest  was  to  be  concentrated  upon  the  problems  dealing 
with  rock-structure  in  its  relation  to  particular  conditions  of 
stratigraphical  occurrence.  In  this  direction  original  research 
seemed  to  give  most  promise  of  enlightenment  in  the  imme- 
diate future. 

Rosenbusch  introduced  a  number  of  new  descriptive  terms, 
e.g,^  holocrystalline,  hemicrystalline,  hypidiomorphic,  panidio- 
morphic,  etc.,  for  the  purpose  of  defining  all  structural  modifi- 
cations with  scientific  accuracy.  According  to  Rosenbusch, 
the  deep-seated  eruptive  rocks  are  all  distinguished  by  holo- 
crystalline and  hypidiomorphic  granular  structure.  They  have 
originated,  at  great  depths  of  the  crust  by  slow  processes  of 
cooling  and  consolidation.  He  divides  them  into  sub-groups 
which  are  based  upon  the  presence  and  relative  amount  of 
quartz  and  felspar;  in  this  respect,  therefore,  Rosenbusch 
adopted  the  system  of  MM.  Fouqud  and  Michel-Levy. 

Rosenbusch  includes  in  his  group  of  intrusive  rocks  those 
eruptive  masses  which  occur  in  the  form  of  typical  dykes,  yet 
are  to  be  regarded  only  as  particular  facies  of  deep-seated 
eruptive  rocks,  and  may  probably  be  associated  with  the  latter 
in  their  genesis  and  their  distribution  in  the  crust.  The  intru- 
sive group  is  sub-divided  into  three  series — a  granitic,  a 
syenitic,  and  a  dioritic,  whose  characteristic  types  of  structure 
are  quite  independent  of  their  mineralogical  composition. 

Porphyritic  structure  is  said  by  Rosenbusch  to  be  character- 
istic of  eruptive  sheets;  the  constituents  belong  to  at  least 
two  successive  generations.  He  thinks  it  probable  that  the 
older  constituents  represented  by  the  larger  crystalline  ele- 
ments are  intra  telluric  in  origin,  and  may  have  formed  at 

22 
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grtnt  depths  previously  to  any  surface  eruption  of  the  magnu ; 
wliereas  the  younger  and  niijiute  mineral  (;lement«  protuibly 
originated  during  the  epoch  of  eruptinn.  With  the  outflow 
of  a  glowing  rock-magma  al  the  surface,  nnd  ihc  escape  of  ihc 
water  vapours,  the  chemical  constitution  of  the  rock-maletiul 
la  changed.  The  structure  of  the  ground-inasj  is  holociyntal' 
line,  hemicrjstalline  or  glassy,  according  lo  the  more  rapid  or 
slower  cooling  of  the  magma. 

Roscnbtisch  sub-divides  the  rocks  of  eruptive  floim  into 
paheovokanie  (porphyry,  [wrphyriie,  augite  porphyrilc  mda- 
phyre,  and  picrile  porphyrite)  and  ntovoUanic  (liparite,  tradijrte, 
phonolrle,  andesite,  basalt,  etc.).  Some  of  the  older  flows, 
sucli  as  the  diabase  porphyrile  and  picrite  porphyrite,  resemble 
granitic-porphyritic  intrusive  rocks  so  closely  that  they  bccdi  to 
bear  the  same  relationship  lo  (hem  which  ihc  typical  intntiive 
rocks  bear  to  the  plutonic  or  deep-sealed  masses-  They  may 
be  distinguished  from  true  eruptive  flows  by  the  absence  of 
lu(Ts- 

Thc  new  cbssificatory  scheme  of  Roscnbusch  showed  quite 
dcnrly  tliat  he  liad  been  stron-ly  influenced  by  the  views  of 
MM.  Kuiniiie  and  Michel-I,.5vy,  and  the^e  two  French  pctto- 
i^raplicrs  ffll  il  incumbent  lo  declare  the  position  they  assumed 
towards  it.  In  1889,  Michel-I.evy  discussed  the  work  of 
Koscnbiiseh  in  a  specr.tt  memoir,  agreeing  wiih  many  of  in 
principles,  but  disputing  others.  Kegarding  the  sulj-division 
of  the  eruptive  rocks  into  deep-seated  masses,  intrusion;, 
and  flows,  Levy  points  out  tlial  the  intrusive  ^roup  is  quite 
artillcial  and  untenable,  as  intrusions  may  eitbir  take  the 
form  of  narrow  vertical  dykes  or  almost  horizontal  sheets  or 
"sills."  He  also  conit-ts  the  conclusion  of  Rosen busch  thai 
only  one  generation  of  the  crystalline  constiluenls  took  place 
in  the  lieejiseated  rocks,  a  group  which  almost  precisely 
corresponded  with  the  grajiitoid  group  of  MM.  Fou']ue  and 
Levy. 

In  Michel-I.evy'sopinion,  the  geological  aspects  and  associa- 
tions of  the  eruptive  rocks,  as  well  as  the  geological  age,  have 
100  lillle  connection  with  the  structure  of  the  rocks  to  provide 
a  good  ba^is  of  classification.  Michcl-I.evy  cites  cases  where 
rocks  belonging  to  the  "deep-seated  group"  ol  Roscnbusch, 
e.g.,  granite,  ophite,  and  gahbro,  occur  in  the  form  of  eruptive 
sheets.  According  to  Michul-I.evy,  the  different  types  of 
structure  in  eruptive  rocks  are  due  to  variations  of  tcmperalurc 
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and  pressure,  and  the  saturation  of  the  magma  with  gases  and 
heated  vapours.  The  latter  play  the  chief  role  in  the  acid 
rocks,  producing  pegmatitic,  micro-pegmatitic,  and  other 
structural  types,  and  also  determining  a  definite  sequence  of 
eruption.  On  the  other  hand,  the  structure  of  the  basic  rocks 
depends  almost  exclusively  on  temperature,  />.,  on  the  greater 
or  less  rapidity  of  the  process  of  cooling. 

After  this  adverse  criticism  of  the  classification  advanced  by 
Rosenbusch,  Michel-L^vy  proceeds  to  discuss  the  varieties 
of  rock-structure,  and  shows  the  frequent  agreement  between 
the  views  of  Rosenbusch  and  his  own;  he  also  points  out 
that  the  4|fferences  of  nomenclature  are  more  apparent  than 
real,  and  tries  to  bring  the  French  and  German  terminology 
into  harmony  by  means  of  a  list  of  synonyms.  In  most  cases, 
Michel-Ldvy  claims  the  priority  for  his  own  terms. 

Only  a  few  minerals  come  into  question  in  the  composi- 
tion of  eruptive  rocks.  Fouqu^  and  Michel-Levy  had  classed 
these  minerals  as  original  and  secondary,  sub-dividing  the 
secondary  minerals  in  groups  corresponding  with  the  order  of 
formation.  According  to  Rosenbusch,  there  are  just  two 
fundamental  laws  controlling  the  order  of  formation — the  one, 
that  the  magma  is  always  more  acid  than  the  sum  of  the 
mineral  constituents  already  solidified  in  it;  and  the  other,  that 
the  separation  of  the  elements  which  occur  in  less  profusion 
has  generally  been  concluded  before  the  separation  of  the 
more  richly  distributed  elements  takes  place.  Michel-Levy 
questions  the  correctness  of  these  laws,  and  makes  an  elaborate 
inquiry  into  the  order  of  separation  of  the  mineral  con- 
stituents. He  devises  a  code  of  symbols  by  which  the 
structure,  composition,  and  genesis  of  the  massive  rocks  may 
be  represented  by  a  short  formula ;  and  finally  arrives  at  the 
conclusion  that  the  classification  and  the  nomenclature  of 
eruptive  rocks  must  be  kept  free  from  any  hypothesis  re- 
garding their  origin,  and  consequently  that  structure  and 
mineralogical  composition  form  the  only  basis  of  a  rational 
classification. 

Zirkel  assumed  a  similar  standpoint  in  the  second  edition  of 
his  Lehrbuch  der  Peirographie  (1893-94).  This  large  three- 
volume  work  is  the  only  complete  handbook  of  petrography. 
All  varieties  of  eruptive,  schistose,  and  sedimentary  rocks  are 
treated  according  to  their  macroscopic,  microscopic,  and 
chemical   constitution,   their   structure,   and   their    ^eoVo^xcai 


methods  of  investigation  applied  i 
Rock-forming  minerals  are  then  dcsci 
morphological,  optical,  physical,  and 
far  as  these  are  important  for  petrogrs 
structure  of  rocks,  Zirkel  frequen 
terminology  of  Rosenbusch ;  at  the  s 
to  establish  the  terms  which  had  be 
text-book. 

The  special  petrographical  part  of 
treatment  of  the  massive  rocks  formi 
J  consolidation  of  molten  magmas.     Th 

I  *  the  composition,  the  macroscopical  an* 

^-  of  their  structure,  are  elucidated. 

(  ,  concerning   ground-masses   are   then 

K^  finally  the  laboratory  experiments  are 

which  chemists  and  geologists  have  tri 
kinds  of  massive  rocks  artificially. 

Zirkel  contests  the  principle  of  cla 
Rosenbusch,  and  adduces  weighty  argu 
group  of  "intrusive"  or  **dyke"  roc 
adheres  to  the  principle  of  mineralogi 
true  basis  of  classification,  and  draws  u] 
on  the  same  lines  as  he  had  followed 
his  text-book.  Zirkel's  sub  divisions  s 
with  those  of  Fouqu^  and  Michel- L^vy. 
constituents  as  the  chief  standard.  Z 
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according  to  age  as  pre-Tertiary  (Palaeovolcanic),  and  Tertiary 
and  Post-Tertiary  (Neovolcanic). 

The  second  and  third  volumes  of  the  text-book  are  devoted 
to  an  exhaustive  description  of  the  individual  varieties  of 
massive  and  schistose  crystalline  rocks  and  the  sedimentary 
rocks. 

Zirkel's  text-book  will  always  remain  a  fundamental  work 
in  petrography.  While  the  macroscopic  methods  of  the 
older  teaching  are  still  predominant  in  the  first  edition  of  the 
work,  the  second  edition  is  at  once  a  frank  and  full 
acknowledgment  of  the  petrographical  reform  necessitated  by 
microscopic  and  micro-chemical  methods,  and  a  convincing 
witness  of  the  rapid  and  remarkable  success  which  had 
crowned  the  labours  of  petrographers  in  the  new  field  of 
research. 

During  the  last  few  years  the  discrepancy  between  the  views 
of  Zirkel  and  Rosenbusch  has  increased.  Rosenbusch,  in  the 
third  edition  of  his  Physiographie  der  massigen  Gesteine  (1896), 
and  also  in  his  Elementen der  Gestcinslehre (\Zi^Z)y  has  adhered 
to  the  standpoint  which  he  assumed  in  1888,  and  has  rejected 
Zirkel's  objections.  The  differences  between  the  two  leading 
German  petrographers  refer  in  no  sense,  however,  to  the 
methods  of  investigation,  but  expressly  concern  the  inductive 
conclusions  at  which  they  have  arrived  regarding  the  genesis 
of  the  eruptive  rocks,  and  the  best  system  of  classification. 
The  rapid  progress  of  petrography  is  one  of  the  greatest 
acquisitions  made  to  science  during  the  latter  half  of  the 
nineteenth  century,  and  has  elevated  petrography  to  the  rank 
of  a  thoroughly  established  branch  of  natural  philosophy. 

As  the  microscope  revealed  more  and  more  fully  the  fine 
structure  and  microscopic  elements  of  rocks,  the  traditional 
conceptions  of  geologists  regarding  the  origin  of  the  rocks 
were  gradually  undermined.  The  old  strife  between  Plutonists 
and  Neptunists  had  collapsed  when  the  Neptunists  admitted 
the  volcanic  origin  of  basalt  and  the  "trap"  series  of  rocks. 
The  handsome  monograph  published  by  C.  C.  von  Leon- 
hard  in  1832  had  conclusively  proved  the  agreement  of 
basalt  with  true  volcanic  rocks,  both  in  the  geological 
occurrence  of  the  basalt  and  in  the  contact  phenomena 
produced  at  its  margins.  Thanks  to  the  observations  of 
Humboldt,  Buch,  Poulett-Scrope  and  others,  not  only  was 
the  volcanic  origin  of  basalt,  trachyte,  trap,  poY^U^\^\  xxi^W 
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He  Munich  idienin,   JoliaDO 
'  CUtv  ^  7:k»n«  ^>f-  Erde.      He 


Mic  nidb  MtifciiBy;  evea  dibough  indtridual 
K  ^  die  Bocfc  tad  bora  oliuined ;  farther,  ninenb 
lining  <Bfcm<  tlti^yH't  vac  |KUtnt  io  gnuutc^  yol 
tfane  ■MKnh  bid  sot  camoMaltd  from  tbc  nwgna  in  ibe 
Older  tbal  avrnponded  tnth  ibM  of  tbdr  fusibilitv,  therefore 
be  aiBTjed  it  was  sttioIinelT  eTrcw>:*^.:;  ""  '.:,-  ■■-  '.'-■'.  ^'.t'^i: 
[■:■.!<  r.si  icnrt-i  n-.tre'.y  25  :hc  iriuli  of  slow  cooling  and 
osr.>ol:dj:::r_  F'-j.'-.s  5dTa:;0T.\i  ihe  view  ih.ii  granite,  and  the 
^rsr.i'.oid  T<x'<ii  z-T:-^n'.]y.  hid  consoliiiatcd  Irom  an  amorphous 

I-  I*.;;.  S-rhafhiu:!  s'jccetdcd  in  reproducing  quaiti 
ur.::'.'  r,.'.\  by  :'ne  apj>!ica!io:i  of  suf^-rhctled  water  in  a  Papin 
•  r^f  iijlf,  and  ihis  result  seemed  to  confirm  Fuchs'  views,  th 
the  cthtr  hanJ,  Foarnei.  in  1S44  and  rS47.  pointed  out  Ihai 
there  were  c---:tain  condi'Lions  under  which  the  (usini;-poinis  of 
substances  were  ionered  10  temperatures  much  below  tht 
jioinli  al  which  they  usually  solidiiied.  In  )>apers  wiitlen 
about  the  same  time,  Hurocher.  referring  for  support  10 
Fourntt's  1  h/on  «f  suijusion,  supjioses  a  mass  of  j^ranite  in 
l.e  originally  a  homogeneous  magma,  which  can  remain  fluid 
until  the  fusion  temperature  of  felspar  is  almost  reached. 
At  about  1503'  C.  the  separation  of  felspar,  ijuartz,  and 
mica  begins,  and  the  different  minerals  solidify  according  Io 
their  teniiency  to  crystallisation.  Durocher  lliinks  the  TatiT 
formalion  of  (piarlz  crystals  nnght  in  this  way  be  explained, 
sincu  fels]iar  passes  more  readily  than  quartz  from  the  viscous 
to  ibe  solid  slate. 

Scheerer,  tlic  illustrious  chemist  and  geologist,  ofTereJ 
fiitniidablu  objeclions  to  the  purely  ])yrogenetic  origin  ol 
gmiiitc  ill  .'I  memoir  publisUtd  m  the  lUilklin  of  the  French 
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Geological  Society  in  1847.  Hischief  arguments  were:  (i)  the 
occurrence  of  separated  quartz ;  this,  according  to  Scheerer,  is 
impossible  in  the  case  of  consolidation  from  a  fluid  mixture  of 
silicates;  (2)  the  order  of  succession  in  the  separation  of 
felspar  and  quartz ;  Scheerer  ascribes  no  weight  to  Fournet's 
"surfusion"  theory,  which  supposes  that  quartz  can  remain 
longer  in  solution  than  the  more  easily  fusible  felspar,  as  this 
is  a  hypothesis  which  has  not  been  tested  experimentally  for 
silicate  mixtures ;  (3)  the  presence  of  so-called  pyrognomic 
minerals  (orthite,  gadolinite),  whose  physical  properties  are 
altered  at  cornparatively  low  temperatures. 

Scheerer  also  drew  attention  to  the  fact  that  water  is  held 
in  chemical  combination  with  several  of  the  constituents  of 
granite.  This  water  he  regarded  as  originally  present  in  the 
magma  from  which  the  granite  solidified.  But  if  the  magma, 
as  might  be  safely  assumed,  was  subjected  to  high  pressure, 
which  prevented  the  escape  of  the  superheated  water,  then 
very  probably  the  influence  of  the  water  might  enable  the 
granite  magma  to  remain  fluid  at  temperatures  much  lower 
than  would  be  the  case  under  the  influence  of  dry  heat. 
When  solidification  set  in,  the  minerals  with  the  strongest 
tendency  to  crystallise  were  the  first  to  separate  from  the  pasty 
granite  mass,  and  the  water  concentrated  itself  in  the  remaining 
ground-mass,  which  always  became  more  acid,  and  owing  to 
the  superfluity  of  water  the  separation  of  quartz  and  the 
pyrognomic  minerals  might  under  some  circumstances  be 
suspended  until  the  temperature  of  the  mass  was  below  that 
of  a  red  heat. 

Although  Durocher  still  upheld  the  pyrogenetic  origin  of 
granite  against  the  objections  raised  by  Scheerer,  the  hydato- 
pyrogenelic  or  aquo-igneous  doctrine  of  Scheerer  rapidly  gained 
ground  in  literature.  Probably  its  strongest  antagonist  was 
Bischof,  whose  explanation  of  the  origin  of  granite,  syenite, 
porphyry,  and  even  basalt,  showed  a  reversion  to  Neptunistic 
teaching.  In  the  second  volume  of  his  Physical  and  Chemical 
Geology  (1851),  Bischof,  after  a  full  discussion  of  the  rock- 
forming  minerals,  came  to  the  conclusion  that  all  except 
augite  and  leucite  could  take  origin  from  acjueous  solutions 
without  increased  temperature  and  under  normal  pressure, 
and  that  their  origin  from  fused  rock-masses  was  quite  excep- 
tional. Moreover,  the  resemblance  between  the  composition 
of  many  eruptive  rocks  and  that  of  certain  sedimentary  rocks 
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(^le,  gre>wacVe),  as  well  as  the  inlerbedding  of  granite  with 
gneiss  and  sedimenLiry  schists,  led  Bischof  to  agree  with  the 
OfHDtoa  of  Keilbau  (i3?5)  and  Virlct  d'Aousl  (ilJ^d),  llut 
granite  and  syenite  represented  altered  ctay  slates.  Diabase 
and  even  mebphyre  and  basalt  were  regarded  t>y  Bischof  aa 
shales  and  cU}'S.  poor  in  silica,  and  altered  by  the  agency  of 

C  W.  C.  Fuchs,  in  i86i,  supported  Bischofs  views  in  a 
valuable  Irvatise  on  iIk  ni  In  era  logical  and  chemical  consli- 
tutiiM  of  the  granite  in  tbe  Harz  mountains.  He  legarded 
the  granite  as  a  produa  of  thv  alteration  of  sedimentary  gr«y- 
wavkc  by  rodns  of  water,  bomstooe  being  formed  in  Uie 
rarii«r  phases  of  a]lemion,  and  granite  during  tbe  later 
^>hascs;  these  two  rocks  were  connected  by  a  transitional 
setxTS  of  alleralion  prodocls. 

A  sdioiK  objection  to  the  pyn^enetic  origin  of  granite  wai 
advanced  by  H.  Rose  in  1S59.  He  showed  that  after  fusion 
qiMiti  (<asses  into  an  amofphoas  modilication  of  silica,  thereby 
.■-■.:■_  :-^  :;*  sfvcitiC  gravity  from  2.6  to  2.2.  As  the  quarti  in 
jL-.f.iL-  j",i  ^ra^iiioid  rocks  always  has  a  specific  gravity  of 
,"  .%  :;  *4-;T.'t\i  imj^cssible  to  suppose  it  had  merely  separated 
■,.•:■.•  .-.  ,;:y  :',;*t\i  mass. 

!"■;■  a.;j>:.;;v,vj?  origin  of  granite  suggested  by  Scheeref 
I.':  ;•,■,—,-;■.".".'.  i;T-o-j;:i:i  was  soon  to  receive  an  cvjx;rimentai 
,v  ,•;::■,■.:,—,  S:r.;,-k  by  the  peculiar  changes  which  sedi- 
::■,-  ■:.;:\  ^:,;v*,-.;  u:;der«e;ii  in  contact  with,  or  in  the  near 
V  ,  ■■:\  ,•:'.  i:u,';:w  rvxk*.  Ptofcssor  Daubree  attempted  10 
--,•"  :•.-,:  -,  :^.T  h;\;;  a'onc,  as  Huiton  had  supposed,  not 
\.;  x-.:-s  .•.■■.•;  i.-,s,j  n,'::'.d  suSoe  to  call  forth  these  changes, 
;■- ;  :V.;  >.:  v:'~.-.-.:;\!  wa:;':  in  jer  great  pressure  was  the  most 
■!".\";,;  ■:  .;^,-;  :■  :hc  :■.:;■:.■  m^i-phism  of  rocks.  To  prove  this 
>i;\-;-,--v  iV.::,T,.j  ;;i  iS;;  conducted  a  series  of  very 
'■-,;■.:,:  w  v\-,vi:.-.'.,:!t*.  A  ^lass  tu!)e  partially  filled  with 
».i..!,  .1  •,'.  ^,"  "i::^\t!S  SiVilt-d  a;  both  ends,  was  placed  in  a 
,  .^,  ._^  ,,...,  ;..;.^._  m-'.-h  »A>  tu-n  dosed  and  exposed  to  a 
i.' v,v;  ■...■■.•  -  ,;'-.:S  Kl.'w  :.vi  hf.i;.  After  a  few  days  the 
..'iv  '.,tv  «.;-  .•.■.^.■"■.i\i ,  ::i  ;v.::s  o:'  it  a  finely  laminated 
».'.^,;;;'v  n.;-  ■■■.',, \Ni.  .1-,:  It'  nnclt  tube  was  transformed 
I  ';,■  ,1  ,x-'  .  ,  ■■•:■,■  i',  ■■>::;:,■,■:  ;  0  ti.':i:ovaI  of  silica,  alumina 
,!■.,!  .vs!,.,  ..-,■  :^v  ,ui,i  :  ,-  ,•;  ».i:o:,  l;!;rjmer.ible  small  crystals 
I't  -;\nn,  K>;ii!,V.,  r-v;v\-:,s.;:K:.::,\'s\:^-i-Tystallitcs  developed 
III  .tl'im  ',1'i.v  i.i  tV  !c><  wlk--;!!  .r.:jvke>.i  p.iH5  of  the  tube, 
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and  spherulitic  structure  was  present  in  some  places.  In  other 
experiments  where  Daubrde  applied  superheated  steam,  he 
obtained  orthoclase  and  a  micaceous  substance.  These  ex- 
periments gave  convincing  evidence  that  the  constituents  of 
granite  could  be  of  aquo-igneous  origin. 

Almost  simultaneously  with  Daubrde's  investigations,  Sorby 
was  engaged  in  microscopic  examination  of  thin  sections  of 
granite.  He  demonstrated,  in  1858,  the  presence  of  water 
vesicles  in  quartz,  and  concluded  that  the  granite  magma  had 
been  saturated  with  water  and  had  solidified  under  great  pres- 
sure at  a  temperature  not  above  a  dull  red  glow.  Delesse, 
in  1857,  drew  attention  to  the  great  differences  between  the 
phenomena  of  contact  metamorphism  produced  by  granite  and 
those  produced  by  lavas,  and  argued  from  his  observations 
that  the  granites  had  not  solidified  from  a  state  of  dry  fusion, 
but  from  an  eminently  plastic  magma,  whose  plasticity  was  due 
to  the  presence  of  water  under  high  pressure.  The  theory  of 
the  aquoigneous  origin  of  granite,  and  of  the  granite-grained 
massive  rocks  generally,  began  to  win  wider  credence  in  geo- 
logical circles. 

The  rapid  progress  made  by  microscopic  research  after  the 
year  i860  entirely  disproved  all  theories  which  had  assumed 
an  aqueous  origin  for  porphyritic  rocks.  Examination  of 
thin  sections  showed  conclusively  that  basalt,  phonolite, 
trachyte,  porphyry,  etc.,  were  identical  in  internal  structure 
and  composition  with  true  volcanic  lavas.  Corroborative 
evidence  was  afforded  by  the  experimental  researches  which 
were  conducted,  more  especially  in  France,  with  such  eminent 
success.  The  attempts  to  reproduce  rock  forming  minerals 
artificially  proved  that  the  majority  of  the  constituents  in  the 
granitic  rocks,  such  as  quartz,  orthoclase,  niicroclinc,  potash 
mica,  tourmaline,  hornblende,  could  be  solidified  from  fused 
materials  by  the  admixture  of  water  vapours,  chlorine,  and 
other  solvents,  whereas  the  minerals  occurring  in  volcanic 
and  porphyritic  rocks,  such  as  olivine,  augite,  enstntitc, 
hypersthene,  wollastonite,  the  plagioclase  varieties,  melilite, 
nepheline,  leucite,  magnesia  mica,  garnet,  magnetite,  spinel, 
haematite,  tridymite,  etc.,  could  solidify  from  a  state  of  dry 
fusion. 

In  the  year  1878,  the  efforts  of  Fouque  and  Michel-Ldvy  to 
reproduce  eruptive  rock  without  the  aid  of  superheated  water 
were  at  last  successful.     The  chemical  elements  were  placed  lev 
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a  platinum  crucible  and  fused  i  the  Tused  mass  was  then  sub- 
jected for  forty-eight  hours  to  s.  temperature  tieaily  that  of  the 
fosing-fioint,  the  material  being  afterwards  allotred  to  cool 
slowly.  According  to  the  ingredients  that  were  introduced, 
consolidated  tock-material  agreed  completely  with  ccriaiii 
augite-andesites,  leucite  and  nepheline  rocks,  and  contained 
the  majority  of  the  minerals  composing  these  rocks  in  the 
form  of  well -developed  crystals. 

Inasmuch  as  these  important  results  showed  that  the  por- 
phyriiic  series  of  rocks  could  originate  merely  by  the  cooling 
of  a  molten  magma,  they  tended  to  widen  the  gulf  between 
the  porphyritic  and  basaltic,  and  the  granite-grained  scrici. 
Favour  was  g;iven  to  Mutton's  assumption  that  the  lattn  oned 
their  distinctive  characters  to  their  subterraneous  origin  under 
great  pressure,  and  the  Huttonian  conception  was  made  even 
more  emphatic  by  Rosenbusch  in  his  classili cation  of  18S6, 
Further  confirmation  was  given  by  Gilbert's  description  of 
intrusive  masses  of  rock,  sc'::alled  " laccolites '"  {nii/^,  p.  17^) 
between  sedimentary  strata  in  the  Henry  mountains  ;  and  also 
by  Reyer's  investigations  on  massive  flows  and  local  differcn<;cs 
in  the  niineralogical  composition  and  the  texture  of  the  con- 
solidated rock. 

After  the  principle  of  the  eruptive  origin  of  the  crystnllinc 
massive  rocks  had  been  firmly  established,  the  interest  of 
petro{;raphcrs  was  directed  to  the  investigation  of  the  chemical 
constitution  of  the  rork-magmas  and  the  processes  eflecting 
their  consolidation.  The  chemistry  of  rocks  had  been  greatly 
advanced  by  the  researches  of  Abich,  Delesse,  IJischof, 
and  esijecially  by  IJunscn.  As  has  been  already  mentioned 
(a/i/c,  p.  328),  liuiiscn  concluded  from  his  examination  of  the 
igneous  rocks  of  Iceland  that  all  the  eruptive  rocks  of  that 
island  in  their  composition  presented  either  a  normal  trachyte 
magma  or  a  normal  |iyro\ene  magma,  or  a  mixture  of  these 
two  varieties  of  rock-magma  in  varying  proportions.  Accordini; 
to  liunsen,  it  is  possible  by  means  of  a  simple  formula,  bein^ 
given  the  amount  of  silica  present  in  sucli  a  mixed  rock,  lu 
reckon  tlie  amount  of  the  normal  trachytic  and  normal  pyro- 
xenic  material  present  in  the  rock.  Streng,  Kjerulf,  and  others 
accepted  liimsen's  conclusions  and  tried  to  apply  them  gene- 
rally to  all  ernptive  rocks. 

Sartorius  von  Waltcrshauscn  explained  (1S53)  the  chemical 
difference  of  the  Iceland  eruptive  rocks,  not  upon  Bunsen's 
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theory  of  their  origin  from  two  different  subterranean  localities, 
but  upon  the  assumption  of  their  origin  at  different  depths  of 
the  crust  He  held  as  a  general  principle  that  subterranean 
magmas  are  distributed  in  the  crust  according  to  their  specific 
weight,  the  lighter  magmas  rich  in  silica  occupying  the  crust- 
cavities  in  the  higher  zones,  the  heavier  basic  magmas  occurring 
at  lower  horizons.  Durocher,  in  1857,  gave  a  similar  explana- 
tion of  the  chemical  and  mineralogical  differences  in  rock- 
magmas. 

On  the  other  hand,  Poulett-Scrope  (1825),  Darwin  (1844), 
and  Dana  (1849)  attributed  the  varieties  of  eruptive  rocks  to 
the  subsequent  division  and  differentiation  of  a  homogeneous 
primitive  magma.  Justus  Roth  (1869)  also  regarded  all 
plutonic  rocks  as  having  been  derived  from  a  uniform 
primitive  magma,  and  explained  their  present  differences  of 
constitution  as  a  result  of  the  different  rates  of  cooling. 
Iddings  more  recently  remarked  on  the  fundamental  mineral- 
ogical affinity  of  the  different  rock  varieties  in  an  eruptive 
district,  and  compared  such  resemblances  with  the  blood 
relationships  of  organisms.  Although  most  geologists  at  the 
present  day  incline  to  the  opinion  that  the  different  facies  of 
eruptive  rock  represent  portions  of  a  single  primitive  magma, 
there  is  still  great  variance  of  opinion  regarding  the  mode  of 
division  and  differentiation. 

The  experiments  of  Spallanzani,  Hall,  and  Bischof  showed 
that  by  means  of  regulating  the  process  of  cooling,  or  by 
the  application  of  different  degrees  of  pressure,  fused  silicate 
mixtures  could  be  obtained  in  glassy,  slaggy,  or  crystalline 
rock  form.  By  Daubrde's  experiments  it  was  ascertained  that 
the  conditions  requisite  for  the  artificial  reproduction  of 
granite-grained  eruptive  rocks  were  a  moderate  temperature 
and  the  presence  of  water  vapour.  Again,  the  experiments  of 
Fouque  and  L^vy  seemed  to  show  that  the  younger  eruptive 
flows  with  porphyritic  structure  had  solidified  slowly  from  an 
igneous  magma.  It  has  proved  a  very  complex  and  difficult 
question  to  find  out  what  determines  the  particular  sequence 
in  which  the  rock-forming  minerals  separate  from  a  viscous 
magma.  Fournet  and  Bunsen  showed  that  the  minerals  by 
no  means  separated  from  the  magma  in  the  order  of  their 
fusing-points.  After  various  attempts  to  solve  the  problem  by 
direct  methods,  it  was  then  approached  indirectly:  keeping  in 
view  the  essential  constituents  of  any  particular  rock,  attempts 
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were  made  lo  separate  from  Ihem  aoy  mineral  elements  which 
were  foreign  to  tlie  rock,  or  had  come  into  the  magma  before 
it  solidiRed,  and  also  all  secondary  elements  which  had  formed 
after  the  consolidation  of  the  rock  during  the  processes  of 
internal  decomposition  or  interaction. 

Excellent  work  has  been  done  in  this  field  of  research  by 
Roth,  Bischof,  Delesse,  Zirkel,  Broegger,  and  Iddlngs. 

Certain  principles  are  usually  inculcated  regarding  the 
sequence  in  which  the  minerals  take  origin  during  the  passage 
of  a  magma  from  the  viscous  lo  Ilie  solid  state,  but  the  prin> 
ciplcs  are  by  no  means  always  applicable,  and  have  therefore 
frequently  been  contested.  Minerals  which  have  crystallised 
with  the  most  complete  and  perfect  form  have  usually  been 
regarded  as  the  first-formed,  while  those  which  appear  to 
have  been  checked  in  their  proper  development  by  othrre, 
have  been  regarded  as  of  later  formation.  Again,  tninerals 
that  are  enclosed  within  other  minerals  are  usually  taken  lo 
be  older  than  the  enveloping  material,  yet  cases  are  cited 
where  tlicy  are  really  younger,  having  separated  out  from  a 
portion  of  the  magma  enclosed  wilhin  the  developing  mineral. 
Minerals  witliout  any  inclusions  for  the  most  part  belong  to 
the  first  generation  of  solid  material.  If  two  minerals  occur 
as  inturgrowihs  with  one  another,  contemporaneous  generation 
is  indicated.  In  rocks  with  porpliyritic  structure  the  larger 
mineral  forms  are  as  a  rule  older  than  the  ground-mass. 

It  was  in  accordance  with  these  principles  that  Fouque 
and  Michel-Levy  first  distinguished  different  generations  of 
mineral.s,  and  used  the  nuniljer  of  the  mineral  generations  as  a 
distinguishing  feature  between  rocks  of  granitic  and  porphyriiic 
structure.  Through  a  large  number  of  individual  obsurvaiioiis 
it  has  been  possible  to  determine  genetic  series  for  the  rock- 
forming  minerals.  Certain  minerals,  such  as  magnetite, 
titanite,  rutile,  ajialite,  zircon,  spinel,  olivine,  belong  generally 
to  the  earliest  products  of  separation,  preceding  the  augites, 
hornblendes,  felspars,  and  quartz.  Rosenliusch  holds  the 
opinion  that  in  the  deep-seated  rocks,  at  any  one  inter\-al  of 
time,  there  is  only  one  kind  of  mineral  separated  from  the 
magma.  The  periods  of  formation  for  the  different  constituents 
succeed  each  other  so  that  either  those  of  one  kind  do  not  form 
until  the  complete  separation  of  the  preiedirig  kind;  or  much 
more  frequently,  a  younger  constituent  in  order  of  se[)ara- 
lion  begins  to  form  a  certain  time  before  the  completion  of  the 
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next  oldest  constituent.  In  general,  solidification  begins  with 
the  crystallisation  of  the  ores  and  accessory  constituents,  then 
follows  the  formation  of  the  coloured  silicates  (olivine,  mica, 
augite,  hornblende,  etc.),  then  that  of  the  felspathic  minerals, 
and  finally  that  of  free  silica.  In  the  rocks  of  eruptive  flows 
the  more  basic  constituents  crystallise  out  before  the  less  basic, 
so  that  at  any  period  during  the  consolidation  the  sum  of  the 
constituents  already  crystallised  out  from  the  magma  is  more 
basic  than  the  remaining  portion  of  the  magma.  Mr.  Teall 
assumes  that  in  the  rocks  with  a  large  or  medium  amount  of 
silica,  the  dissolved  constituents  represent  a  so-called  ''eu- 
tectic "  mixture,  and  as  such  can  remain  unchanged  at  a 
temperature  which  is  below  their  melting-point.  But  if  they 
do  not  occur  in  the  definite  eutectic  relations,  the  overplus 
of  substances  continues  to  separate  out  until  the  eutectic 
mixture  is  attained. 

In  an  important  memoir  (1887)  on  the  crystallisation  of 
igneous  rocks,  I^gorio  classified  the  porphyritic  flows  accord- 
ing to  the  amount  of  silica  in  five  grades,  and  gave  the  results 
of  chemical  analyses  of  the  ground-mass.  He  arrived  at  the 
conclusion  that  the  separation  of  the  minerals  in  an  eruptive 
magma  depends  almost  entirely  on  the  chemical  composition 
of  the  magma,  as  well  as  on  the  affinities  and  internal  move- 
ments within  the  mass;  whereas  pressure  and  high  temperature 
exert  only  a  subordinate  influence. 

Iddings  in  1889,  in  a  paper  on  the  same  subject,  expressed 
views  in  many  respects  similar  to  those  of  I^gorio,  but 
ascribed  greater  importance  to  the  influences  of  pressure  and 
temperature  in  regulating  the  rate  and  processes  of  cooling ; 
he  thinks  the  local  conditions  of  pressure  and  temperature 
mainly  determine  the  structural  dififcrences  which  often  exist 
at  different  portions  of  a  continuous  mass  of  eruptive  rock, 
and  explain  why  a  superficial  portion  may  display  porphyritic 
structure  while  the  deep-seated  portion  is  granite-grained. 

There  are  abundant  examples  of  transitional  rock- varieties 
in  eruptive  bosses  and  sheets.  As  far  back  as  1852,  Delesse 
showed  that  the  Ballon  d' Alsace  in  the  Vosges  mountains 
consists  of  hornblendic  granite  in  its  central  portion  and  its 
summit,  but  towards  its  peripheral  portions  passes  into  syenite 
and  finally  into  diorite.  More  recently,  in  1887,  similar  facts 
were  demonstrated  by  Bairois  in  his  brilliant  account  of  the 
eruptive  rocks  in  Brittany.     The  researches  of  Barrois  have 
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already  become  classic;  generally  spcakiMg,  they  ro  to  show 
that  the  mi nera logical  character  of  ilic  strjiificd  rocks  » 
affecting  the  conduction  of  heal  and  iKe  relative  pressures 
between  the  bedded  rocks  and  the  intruded  igneous  rock- 
material,  influenced  the  subsetiuent  processes  of  consolidatioR 
in  the  latter,  and  determined  the  orientation  of  crystals  and 
the  modifications  of  structure. 

In  many  active  and  extinct  volcanoes,  it  would  appt-ar  thai 
the  character  of  the  ejected  rock-malerial  gradually  alters  with 
each  successive  eruption,  so  that  the  first  and  the  last  products 
of  eruption  represent  the  extremes  of  a  petrographical  xciics. 
Tn  the  Rocky  mountains,  and  in  the  Sierra  Nevada,  U^mn  vim 
Kichlhofen  (1868)  recognised  a  definite  sequence  of  propf- 
lite,  andesite,  trachyte,  rhyolile,  and  basalt,  and  his  observa- 
tions have  since  been  confirmed  by  American  geologists.  I'lw 
more  recent  works  of  Professor  Broegger  on  the  eruptive  dis- 
trict of  Southern  Norway  have  extended  the  observations  so 
ably  initiated  by  Baron  von  Richthofen.  Professor  BroQsgpr 
has  given  an  admirable  exposition  of  the  eruptive  rocks  in 
that  district  with  respiect  to  their  mincra logical,  structural, 
and  chemical  constitution,  their  geological  occurrt-nte,  their 
eruptive  sequence,  the  division  and  difTercntiation  of  the 
original  magma. 

In  the  year  1S90,  Professor  Broegger  conltibutcd  a  pajjer 
to  the  Zeitichrifl  Jiir  Kryslallo^al-hie  un.i  Mineialogie,  in 
which  he  sub-diviJcd  the  eruptive  rocks  in  the  neighbourhood 
of  Christiauia  into  two  chief  series,  an  older  and  a  youngcf. 
the  younger  containing  only  basic  intrusive  rocks  (diabasesf, 
the  older  comprising  very  different  acid  and  basic  rocks,  whicli 
may  be  ajiain  sub-divided  into  five  groups  according  to  their 
mineralogical  and  chemical  composition.  All  the  products  of 
this  older  group  form  a  transitional  series  of  rocks  passing 
petrogrophically  into  one  another,  and  closely  related  chemi- 
cally. They  have  clearly  proceeded  from  an  originally  con- 
tinuous molten  mass  which  has  been  segmented,  and  has 
undergone  difTurentialion  into  several  rock-types.  The  oldest 
members  of  the  genetic  series  are  basic,  the  youngest  strongly 
acid.  In  the  opinion  of  Broegger,  the  original  magma  was  an 
aquo-igneous  solution  of  silicates,  and  rich  in  soda.  Towards 
the  close  of  the  Devonian  epoch,  ihc  first  fissure  eruptions 
took  place,  the  magma  being  still  fairly  basic,  and  these  were 
succeeded  from  time  to  time  l>y  outbreaks  of  increasingly  acid 
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magma.  The  various  magmas  solidified  sometimes  under- 
ground as  laccolites,  sometimes  as  dykes,  sometimes  as  super- 
ficial flows,  and  induced  contact-metamorphism  of  diverse 
characters.  Broegger  could  not  determine  any  definite 
sequence  in  the  separation  of  the  component  minerals,  but 
was  able  to  add  many  observations  bearing  upon  this  point. 

A  later  publication  by  the  same  author  is  entitled  The 
Eruptive  Rocks  of  i/ie  Christiania  District^  and  comprises  two 
volumes.  The  first,  published  in  1894,  is  devoted  to  the 
rocks  of  the  Grorudite  -  Tinguaite  series.  Broegger  thinks 
these  take  an  intermediate  position  between  deep-seated  bosses 
and  eruptive  flows,  and  represent  members  of  a  connected 
series  of  protrusions  from  the  same  magma,  which  either 
solidified  underground  in  massive  form  or  occupied  crust- 
fissures. 

The  second  volume,  published  in  1895,  instituted  a  com- 
parison between  the  succession  of  eruptive  rocks  in  the 
Christiania  district  and  that  in  the  eruptive  district  of  Monzoni 
and  Predazzo  in  South  Tyrol.  On  the  basis  of  his  own 
observations  in  both  districts,  Broegger  explains  the  famous 
Triassic  monzonite,  granite,  and  hypersthenite  as  deep-seated 
laccolitic  expansions  of  the  eruptive  flows  in  the  same  neigh- 
bourhood (melaphyre,  augite,  porphyrite,  and  plagioclase 
porphyrite),  and  views  them  as  a  series  of  differentiations 
from  an  originally  uniform  magma,  analogous  with  the  differ- 
entiations presented-in  the  Christiania  district. 

From  the  foregoing  pages  it  is  apparent  that  Rosenbusch, 
Broegger,  Iddings,  Williams,  and  others  are  inclined  to 
minimise  the  petrographical  contrast  between  the  so-called 
plutonic  and  volcanic  rocks,  and  to  recognise  in  underground 
and  superficial  occurrences  of  eruptive  rock  only  different 
facies  of  the  same  magma,  consolidated  under  different  con 
ditions.  On  the  other  hand,  Zirkel  (1893)  strongly  emphasised 
the  differences  between  the  granitic,  deep-seated  rocks  and  the 
porphyritic  or  glassy  flows,  and  brings  forward  many  objections 
to  the  laws  enunciated  by  Rosenbusch  regarding  the  succes- 
sive separation  of  minerals  from  fused  masses.  In  general, 
petrographers  may  be  said  to  be  still  actively  investigating  the 
ground-masses,  in  the  study  of  which  there  are  many  problems 
awaiting  solution. 

Microscopic  researches  have  fully  elucidated  the  composition 
and  the  origin  of  the  sedimentary  strata.     There  is  no  longer 
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any  difference  of  opinion  regarding  ihe  derivntion  of  the  rock- 
material  composing;  slraiified  deposits — on  the  one  hand  from 
the  fragmented  and  finely  triturated  products  of  surface  denuda- 
tion or  from  the  chemical  activities  of  infiltrating  water  in  the 
crust,  and  on  the  other,  from  the  accumulation  of  organic  do- 
posits.  But  the  origin  of  gneisses  and  the  crystalline  schists  is 
still  shrouded  in  mystery;  much  is  known,  hut  far  more  remains 
to  be  discovered.  These  rocks  used  to  be  regarded  as  the 
fundamental  rock-formation  of  the  sedimentary  succession; 
the  lowest  member  of  the  group  being  usually  gneiss  or  coarsdy 
foliated  and  banded  granitic  rock,  and  the  uppermost  usually 
phyllite  or  finely  foliated  lustrous,  slaty  rock.  In  the  etghtccuih 
century,  three  leading  hypotheses  were  piomulgaled  in  explana- 
tion of  the  origin  of  these  rocks.  One  theory  (supported  by 
Buffon,  Breislak,  and  others)  regarded  the  gneisses  and  the 
crystalline  schists  as  the  fundamental  rocks  of  the  earth's  cruxt, 
the  product  of  the  first  consolidation  of  molten  rock  material 
on  the  cooling  surface  of  the  earth;  the  U'ernerian  iheoty 
represented  them  as  the  oldest  chemical  precipitates  from  the 
prinL-cva!  ac]ueous  envelope  of  the  earth,  possessing  a  crystalline 
texture  in  virtue  of  the  high  temperature  at  the  earth's  surface 
in  the  primasval  epoch  ;  Hutlon  regarded  them  as  normal 
sedimentary  deposits,  not  necessarily  of  the  primaeval  epoch, 
which  had  been  carried  to  greater  depths  in  the  crust  after 
their  deposition,  and  there  been  melted,  metamorphosed,  and 
rendered  crystalline  by  the  combined  influence  of  the  earths 
internal  heat  and  enormous  crust-pressure.  In  his  concep- 
tion of  the  relatioii  of  dynamic  agencies  to  rock-deformation, 
Hutton  svas  far  ahe.id  of  his  contemporaries,  and  the 
nineteenth  century  was  well  advanced  before  Darwin,  Poutett- 
Scrope,  Sharpe,  and  a  few  of  the  keenest  observers  began  to 
apply  the  principle  of  dynamic  agencies  of  deformation  in  the 
earth's  crust,  lieroldingen  explained  gneiss  as  regenerated 
granite.  Although  with  certain  modifications,  each  of  these 
hy])olheses  claims  supporters  at  the  present  day. 

In  1822  Ami  Boue,  in  his  geogno Stic  description  of  Scotland, 
modified  the  Hultonian  hypothesis  in  so  far  as  he  thought  that 
in  addition  to  subterranean  heat  and  pressure,  the  action  ol 
vapours  and  gases  had  played  a  part  in  the  metamorphosis  of 
sedimentary  deposits  to  crysiatline  rock.  The  Norwegian 
geologist.  Keilliau.  in  the  following  year  advanced  his  view 
thai  a  foliated  structure  had  been  superinduced  upon  crjstal- 
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line  schists,  in  common  with  most  of  the  older  massive  rocks, 
by  the  agency  of  water,  without  the  aid  either  of  pressure  or  of 
ipcreased  temperature.  During  the  years  1826-28,  Studer  and 
Elie  de  Beaumont  made  the  observation  in  the  Swiss  and 
Savoy  Alps  that  gneiss  and  micaceous  schists  repose  upon 
unaltered  sedimentary  strata,  and  that  in  certain  crystalline 
schists  fossils  are  present  which  prove  them  to  belong  to 
relatively  young  geological  epochs.  This  discovery  was  a  very 
great  blow  to  the  geologists  who  upheld  the  hypothesis  of  the 
Archaean  or  pre-Cambrian  age  of  all  gneisses  and  schists. 
Studer  suggested  some  time  later  (1855)  that  the  transforma- 
tion of  these  schists  had  proceeded  not  outward  from  the  lower 
horizons  to  the  upper,  but  possibly  inward  from  younger  and 
outer  horizons  of  rock  to  deeper  crust-levels.  Hoffmann,  who  had 
in  1 830  observed  crystalline  schists  interbedded  with  conglomer- 
ates and  coarse  grits  of  the  "  transitional "  series,  advocated  the 
view  that  the  stratified  grits  and  conglomerates  represented  un- 
altered patches,  and  the  gneiss  and  schists  represented  altered 
portions  of  one  and  the  same  geological  formation. 

Lyell  accepted  the  Huttonian  hypothesis  in  its  essential 
features,  and  the  wide  circulation  of  his  principles  gave 
Hutton's  teaching  greater  currency  abroad.  In  addition  to 
heat  and  pressure,  Lyell  thought  electrical  and  other  agencies 
might  have  combined  to  render  the  sedimentary  structures 
semi-fluid,  the  rock  material  having  then  been  re-arranged ; 
traces  of  organisms  disappeared,  but  the  bedding-planes  for 
the  most  part  persisted.  Lyell  taught  that  gneiss  and  micaceous 
schist  represented  sandstones  which  had  been  altered  by  contact 
with  eruptive  rocks,  argillaceous  schists  had  been  originally 
shales,  and  marble  represented  limestone  that  had  been 
rendered  crystalline.  In  accordance  with  the  Huttonian 
doctrine  that  the  high  temperature  had  acted  outward  through 
the  crust,  the  lowest  schists  and  gneisses  were  said  by  Lyell 
to  be  those  which  had  suffered  the  greatest  degree  of  meta- 
morphism.  At  the  same  time,  under  certain  circumstances 
comparatively  young  deposits  might  be  metamorphosed,  and  it 
could  by  no  means  be  assumed  that  all  crystalline  schists  must 
belong  to  the  fundamental  or  Archaean  rocks.  It  was  Sir 
Charles  Lyell  who  gave  to  the  group  of  gneiss  and  crystalline 
schists  the  name  of  "  metamorphic "  rock,  and  the  name  was 
rapidly  adopted  in  the  special  literature  of  geology  and  in 
text-books. 
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Klie  de  Beaumont  was  the  first  to  point  out  the  rnntrasl 
between  widespread  or  normal  melamorphism  and  the  roni.icl 
metamorphism  which  was  Uinited  to  smaller  zones  of  rcick,  and 
especially  to  the  contiguous  parts  of  eruplive  and  sedimcDiary 
rocks-  DaubriJe  afterwards  applied  Ihe  term  of  regional  mcU- 
morphism  to  distinguish  these  processes  which  had  acted 
throughout  vast  regions  of  the  crust  and  altered  thick  forma- 
tions of  rock. 

One  of  the  extreme  Neptunists  was  Johann  Fuchs,  who 
explained  the  crystalline  schists,  gneiss,  granitic  and  [wrphy- 
ritic  rocks  as  segregation  products  from  a  watery  ur  pasty 
material.  The  American  geologist,  Professor  Dana,  in  1843 
thought  that  the  Huttonian  doctrine  did  not  attach  sufficient 
importance  to  the  agency  of  heated  water  in  effecting  rock- 
meCamorphism.  He  compared  gneiss  with  volcanic  luffs,  and 
held  tiie  opinion  that  during  invasions  of  granitic  magma  into 
the  upper  zones  of  tlie  crust  a  granitic  ash  also  escaped,  and 
under  the  influence  of  superheated  water  became  caked  and 
cemented  into  the  form  of  gncissose  and  schistose  rocks. 
J.  Kischof,  in  several  papers  publislicd  between  the  years  1847 
and  1854,  agreed  with  Keilliau  in  assuming  tiiat  the  oldest 
sedimfMls  were  for  a  long  time  supersaturated  with  water,  and 
that  cliemic:il  changes  had  slowly  altered  their  constitution, 
converting  argillaceous  sediments  first  into  clay-slate,  and  l<y 
continuance  of  the  chemical  processes  into  micaceous  schist*. 

Sclicerer  contributed  in  1S47  a  suygesiive  paper  on  tlio 
origin  of  gneiss,  in  which  he  took  the  standpoint  that  it  niJi;hi 
be  produced  in  various  ways  and  from  various  rocks.  Hc 
explained  the  gnt-iss  of  the  Er^  mountains  as  a  rock  that  had 
been  metamorphosed  from  sedimentary  strata  in  situ,  whereas 
the  red  gneiss  during  the  time  of  its  metamorphism  had  undei- 
gone  flow  movements  comparable  to  those  of  an  eruptive 
magma.  Again,  in  many  cases  gneiss  was  a  fundamental 
Archiean  rock  representing  a  portion  of  the  piima;val  crust  o\ 
the  earth.  Colta  also  thought  that  most  gneiss  had  formed 
part  of  the  original  crust,  but  lie  regarded  the  crystalline 
schists  as  the  culminating  result  of  a  process  of  metamorphism 
undergone  by  all  sedimentary  rocks  which  had  already  been, 
or  were  now  in  process  of  being,  covered  by  a  thick  mantle  of 
younger  deposits.  The  change,  he  thought,  had  been  effecteii 
by  heat  and  pressure,  possibly  in  combination  with  water ;  and 
although  the  crystalline  schists  were  in  miny  places  now  ex- 


PETROGRAPHY.  355 

posed  at  the  surface,  they  must  have  been  subsequently  elevated 
to  that  position^  and  the  superincumbent  rocks  have  been  re- 
moved by  denudation.  Naumann  supported  the  view  that 
most  gneiss  and  crystalline  schists  represented  the  oldest 
rock-sediments,  but  he  agreed  with  Poulett-Scrope,  Darwin, 
Fournet,  Cotta,  and  others  that  many  gneisses  had  been  pro- 
duced by  the  deformation  of  eruptive  rocks,  and  those  might 
be  of  different  ages.  A  similar  standpoint  was  afterwards  taken 
by  Kjerulf  and  by  Lehmann,  the  author  of  an  excellent  work 
(1884)  on  the  ancient  crystalline  schists,  with  special  refer- 
ence to  the  metamorphic  rocks  of  the  Erz  mountains,  Fichtel 
mountains,  the  mountains  of  Saxony  and  of  the  Bavarian  and 
Bohemian  frontiers. 

Delesse  in  1861  declared  himself  an  adherent  of  the  meta- 
morphic doctrines,  and  ascribed  rock-metamorphism  to  high 
temperature,  water,  pressure,  and  molecular  movements.  In  his 
opinion,  after  the  first  crust  formed  on  the  cooled  surface  of  the 
earth-magma,  it  was  violently  attacked  by  the  action  of  the  con- 
densed vapours  and  afforded  material  for  a  great  accumulation 
of  sediments.  The  metamorphism  of  these  oldest  sediments 
produced  gneiss  and  the  crystalline  schists,  and  these  could 
again  become  plastic  and  be  transformed  into  plutonic  rocks. 
Thus  Delesse  assumed  the  deep-seated  granite  series  to  have 
been  produced  by  the  re-melting  and  re-solidifying  of  meta- 
morphosed sediments.  He  was  supported  in  this  view  by 
Daubree  (1857).  According  to  Daubr^e,  the  first-formed  crust 
was  saturated  with  the  water  of  the  primitive  ocean,  and  the 
mineral  constituents  of  gneiss  and  the  oldest  crystalline  schists 
separated  out  from  a  pulpy,  softened  mass.  The  younger  schists 
(chlorite  schist,  mica  schist,  phyllite)  of  the  primaeval  mountain- 
systems  were  thought  by  Daubree  to  be  pre-Cambrian  deposits 
metamorphosed  by  pressure  and  superheated  water.  The  meta- 
morphism of  the  younger  Alpine  schists  was  also  referred  by 
Daubree  to  the  same  influences. 

Sterry  Hunt  similarly  held  that  the  crystalline  schists  re- 
presented the  earliest  chemical  deposits.  He  thought  they 
owed  their  planes  of  schistosity  to  the  contemporaneous  effect 
of  intense  heat  combined  with  the  action  of  water  and  pressure. 
He  tried  to  elucidate  the  chemical  processes  of  separation, 
to  determine  an  order  of  deposition,  and  even  to  demon- 
strate that  the  eruptive  rocks  were  also  metamorphosed 
sediments,  which  after  having  been  made  plastic  penetrated 
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the  sediments  above  and  assumed  ihc  form  or  eruplive  n 
protrusions. 

The  microscopic  examination  of  micaceous  scliiil  \ud  Soiby 
(1856)  to  the  assumption  Ihat  It  had  originally  been  &  shale 
and  had  been  altered  probably  by  means  of  water,  a  high 
temperature,  and  crust  pressure.  He  regarded  the  foliaii-d 
structure  as  a  result  of  mechanical  pressure,  Hitchcock,  tn 
1861,  also  emphasisfd  the  action  of  mechanical  strains. 

Sir  William  Logan's  discovery,  in  1867,  of  iho  thick  seric* 
of  gneisses  and  schists  forming  the  floor  of  the  sedimentary 
succession  in  Labrador  and  Canada,  gave  for  a  time  additional 
support  to  the  view  of  the  Archa;an  age  of  all  metamorphic 
rocks;  but  every  year  stratigraphical  researches  were  bringing 
new  facts  to  light  which  could  not  harmonise  with  this  simpler 
view  of  one  primseval  epoch  of  formation  for  the  crystalline 
fcli^tcd  rocks. 

Zirkel,  in  1866,  made  a  complete  resumi  of  the  literature  on 
(he  subject  of  the  metamorphic  gneiss,  and  after  a  careful 
criticism  of  the  facts  and  arguments,  concluded  that  there  is 
probably  an  original  gneiss  and  a  metamorphic  gneiss.  Water 
and  the  plastic  magma  have  participated  in  the  formaiion  of 
the  former;  it  formed  the  first  solid  crust,  and  could,  undtr 
certain  circumstances,  especially  in  the  immediate  vicinity  of 
granite,  partake  of  its  eruptive  character.  Gneiss  has  ciiher 
taken  origin  from  shales  and  grits  by  contact  nietamorphism 
in  the  presence  of  heated  water,  or  has  arisen  from  the  sub- 
terranean transformation  of  sedimentary  strata  by  means  of 
some  simple  processes  of  waler-permeation,  whicli  have  so  far 
eluded  discovery.  Zirkel  also  explains  the  origin  of  granulitc 
and  the  other  crystalline  schists  upon  principles  of  walt-r- 
permeation,  but  he  regards  micaceous  and  chloritic  schisls 
and  phyllites  as  metamorphosed  sediments. 

Lossen  initiated  a  new  departure  in  the  investigation  of 
the  metamorphic  group,  in  so  far  as  he  succeeded  in  impressing 
geologists  with  the  high  value  of  accurate  field  investigaiions 
in  assisting  the  solution  of  some  of  the  intricate  problems 
of  metamorphism.  During  his  examination  of  the  Taunus 
mountains  (1S67).  Lessen  formed  the  opinion  that  most  of 
the  crystalline  schists  had  originaled  as  sedimentary  strata 
containing  a  large  amount  of  inter'^tilial  water,  and  had  betn 
cleaved  and  altered  by  the  action  of  strong  dynamic  pressures 
during  the  mountain-making  movements.      Gneiss  and  mica 
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schists  had  been,  he  thought,  parts  of  the  original  granitic 
crust  of  consolidation,  which  had  been  similarly  converted 
by  pressure-metamorphism  into  banded,  foliated,  and  cleaved 
rock-facies.  Lossen  subsequently  examined  and  mapped  the 
Harz  mountains  geologically,  and  found  further  confirmation 
of  his  theory  of  "dislocation  metamorphism."  He  demon- 
strated in  the  Harz  mountains  that  the  same  rocks  which 
extended  over  wide  regions  as  ordinary  shaly  sediments  could 
be  traced  into  a  zone  of  crust  disturbance,  where  they  became 
crystalline  and  schistose,  and  were  split  by  planes  of  cleavage 
superinduced  upon  the  rock-strata  at  various  angles  with  the 
planes  of  stratification.  Although  Lossen *s  work  threw  a  new 
interest  into  phenomena  of  cleavage,  the  presence  of  cleavage- 
planes  had  long  been  known  in  certain  rocks.  As  far  back 
as  the  eighteenth  century,  Lasius  and  Voigt  had  drawn  at- 
tention to  the  difference  between  the  planes  of  stratification 
and  planes  of  cleavage,  but  could  not  find  any  explanation. 
Sedgwick  (1822  and  1835)  suggested  that  the  cleavage  of  rocks 
might  be  due  to  the  action  of  polar  forces  along  a  definite 
direction,  causing  orientation  of  crystals  in  that  direction. 
J.  Phillips,  in  1843,  ^^  ^  meeting  of  the  British  Association, 
pointed  out  the  deformation  of  fossils  in  cleaved  rocks,  and 
thought  cleavage  was  the  result  of  a  slow  creep  of  the  minute 
rock  particles  in  a  definite  direction.  An  important  observa- 
tion was  made  by  the  brothers  Rogers,  who  showed,  in  1837, 
that  the  cleavage-planes  in  the  Alleghany  mountains  extended 
parallel  with  the  main  axis  of  upheaval  of  this  mountain 
system,  but  in  explanation  they  accepted  Sedgwick's  theory 
of  polar  attraction. 

Almost  simultaneously,  the  action  of  lateral  pressure  was 
suggested  by  two  observers:  in  1846  by  Baur,  an  overseer 
of  mines  in  Eschweiler,  who  explained  the  cleavage  of  the 
greywackes  in  the  Rhine  Province  by  this  means;  and 
in  1847  by  D.  Sharpe.  Sorby  in  1853  made  pressure 
experiments,  and  succeeded  in  reproducing  cleavage  arti- 
ficially in  different  kinds  of  rock.  His  results  were  sup- 
ported by  the  later  experiments  of  Tyndall  (1856)  and 
Daubrde  (1861). 

When,  therefore,  T.ossen  from  his  actual  field  observations 
drew  the  important  conclusion  that  crust  disturbance  had  been 
the  chief  agent  in  effecting  cleavage  metamorphism,  he  was  in 
a  position  to  refer  to  the  confirmatory  evidence  \w  C;Sk\oMx  o.^ 
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dynamic  action  which  had  been  already  afforded  by  experi- 
mental attempts. 

In  1887,  a  few  months  after  Lossen's  work  on  the  Taaniu 
had  appeared,  C.  W.  von  Giimbel  published  his  Crognostk 
DescripfioH  of  the  EaUirn  Bavarian  Frontier  AleutttaiHS. 
In  it  he  tried  to  demonstrate  that  gneiss  and  ctjsWlline 
schist  represented  the  old<:st  sediment  which  bad  seiKirated 
out  under  pecuhar  conditions  from  a  magma  impregnated 
with  superheated  water.  Giimbel  regarded  the  cleavage  of 
gneiss  and  the  crystalline  schists  in  the  Bavarian  forot  not 
as  a  subsequent  development,  but  as  true  stratification,  and 
compared  the  succession  of  the  gneiss  and  schist  series,  as 
well  as  the  gradual  transitions  and  frequent  allernationi  of 
the  different  varieties,  with  the  characteristic  a[^)earanc«s 
observed  in  a  scries  of  sedimentary  deposits.  He  described 
the  occurrence  of  certain  massive  rocks,  such  as  granite, 
syenite,  diotiie,  sometimes  in  regular  alternation  with  the 
gneiss  and  schist,  sometimes  as  intrusive  bosses  and  djlics. 
Judging  from  the  resemblance  in  the  mineralogieal  composi- 
tion of  all  these  massive  rocks,  tiiimbel  argued  that  the  rock- 
material  mtist  in  all  cases  have  had  a  similar  origin,  and 
concluded  that  there  was  an  underground  magma  consiituled 
like  tiie  primitive  earlh,  ajid  from  which  either  scdimeiilary 
schist  and  gneiss,  or  granitic  bosses  and  layers,  could  devilop. 

Justus  Rotli,  who  was  one  of  the  founders  of  the  German 
Geological  Society,  was  an  ardent  supporter  of  the  view  that 
all  gneissosc  and  schistose  rocks  represented  the  products  of 
the  ilrst  consolidation  of  the  crust.  In  his  work  on  Guteral 
and  Cheiimal  Geo!iij>j,  published  in  1S90,  two  years  before 
his  death.  Roth  gave  an  unfavourable  criticism  of  all  theories 
which  advocated  subsequent  rock -deformation  and  meia- 
morphism.  He  contended  that  the  compact  structure  of 
gneisses  and  schists,  the  absence  of  any  amorphous  or  glassy 
ground-mass,  together  with  the  niineralogical  composition,  are 
features  which  indicate  a  plutotiic,  aciuo-igneous  origin.  Their 
bent  and  cleaved  character  was  attributed  by  him  to  the 
contraction  of  the  earlh  and  the  consequent  strains  aclin;; 
during  the  formation  of  the  series. 

Many  geologists  were,  however,  finding  in  the  field  ample 
confirmation  of  l.ossen's  explanation  of  the  merlianical  defor- 
niiition  of  rocks.  The  well-known  writings  of  Heim  and 
JJaUzL-r  on   iJic  Swiss  Alps,  ot  \lu«Md  oft  U\e  rocks  of  tlie 
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Ardennes,  and  of  Lapworth  on  the  north-west  Highlands, 
revealed  many  new  and  highly  interesting  subjects  of  research 
in  connection  with  dynamo-metamorphism. 

Johann  I^hmann,  in  the  work  mentioned  above  (p.  355), 
accepted  the  views  of  Lossen,  and  demonstrated  the  effects 
of  ''dislocation  metamorphism "  from  a  large  number  of 
excellent  illustrations  of  microscopic  rock-sections.  Accord- 
ing to  Lehmann,  the  metamorphic  rocks  may  be  arranged  in 
two  groups.  One  comprises  the  various  modifications  of 
gneiss,  granulite,  felsite,  and  hornblendic  schist  which  have 
originated  as  rock-material  consolidated  from  molten  magma, 
and  have  received  their  characteristic  foliate  structure  from 
the  action  of  pressures  before  solidification  had  been  com- 
pleted. He  advocated  the  plutonic  origin  of  this  group  upon 
the  assumption  that  there  is  in  the  crust  a  corresponding 
rock-magma,  the  source  of  the  deep-seated  eruptive  rocks, 
granite,  syenite,  diorite,  gabbro,  and  that  these  rocks  are  con- 
nected with  the  gneiss  group  by  a  complete  series  of  transitional 
modifications. 

The  other  group  comprises  the  remaining  crystalline  schists, 
gneissic  schist,  micaceous  schist,  chloritic  schist,  lalcose  schist, 
phyllites,  etc.  These  have  been  produced  by  "dislocation 
metamorphism "  carried  out  in  very  high  degrees.  In  the 
case  of  gneissic  schist  the  original  rock-material,  while  under- 
going the  processes  of  metamorphism,  has  been  invaded 
by,  or  impregnated  with,  granitic  injections,  but  the  series 
of  typical  schists  have  been  metamorphosed  without  any 
injection  of  foreign  magma.  The  original  character  of  the 
rock-material  is,  according  to  Lehmann,  not  always  demon- 
strable, but  he  thinks  it  abundantly  evident  that  the  meta- 
morphic series  is  intimately  associated  in  the  field  both  with 
fragmental  or  clastic  deposits  and  with  rocks  of  igneous 
origin.  Lehmann  insisted  that  it  was  erroneous  to  attribute 
the  metamorphic  schists  to  a  definite,  pre-Cambrian  geological 
epoch ;  it  was  in  his  opinion  far  more  probable  that  they 
belonged  to  the  different  epochs  during  which  extensive 
mountain-movements  had  been  in  progress.  Professor  Barrois 
in  1884  likewise  showed  that  the  schists  and  gneisses  in 
Brittany,  which  had  been  regarded  as  pre-Cambrian,  really 
represented  metamorphosed  sedimentary  deposits  belonging  to 
various  Palaeozoic  epochs. 

The   involved    stratigraphical    problem   yresevU<id   b^  vVvi. 
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pliism  that  there  was  fundamental  gneiss  at  t 
whole  sedimentary  succession,  and  also  meta 
representing  sedimentary  rocks  of  the  oldest  Pr 
which  had  been  locally  altered  during  the  gigar 
ments.  The  altered  and  unaltered  deposits  « 
one  another  with  complicated  stratigraphical  rel 

The  conclusive  results  of  the  work  done  in 
Highlands  of  Scotland  were  of  the  highest  imp< 
general  questions  in  dispute  regarding  the  causes 
of  metamorphism.  In  more  recent  years,  M 
shown  the  presence  of  eruptive  bosses  of  gneiss 
granite,  and  has  traced  numerous  veins  of  peg 
from  these  bosses  into  the  group  of  crystalline  sc 

The  last  fifteen  years  of  the  nineteenth  ceni 
very  great  advances  in  our  knowledge  of  roc 
and  metamorphism.  It  has  been  found  that 
geological  epoch  whose  sedimentary  deposit: 
wholly  safeguarded  from  metamorphic  changes, 
broad  fact  has  come  to  be  realised,  it  has  pro 
settling  and  has  necessitated  a  revision  of  the  s 
many  districts  in  the  light  of  the  new  possil 
newer  researches  scarcely  recognise  any  theoi 
directed  rather  to  the  empirical  method  of  obtainii 
information  regarding  microscopic  and  field  evi< 
passage  from  metamorphic  to  igneous  rocks,  an< 
morphic  to  sedimentarv  rnr l«:      tk^   »-' *   - 
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paper  written  in  1889  he  does  not  confine  the  metamorphic 
action  of  mountain-movements  to  sedimentary  formations,  but 
in  common  with  Lehmann  he  regards  gneiss,  hornblendic 
schist,  and  other  crystalline  schists  as  eruptive  rocks  (granite, 
syenite,  diorite)  in  which  planes  of  schistosity  have  been 
developed  under  the  influences  of  pressure  and  stretching. 
Rosenbusch  does  not  believe  it  possible  that  the  fundamental 
gneisses  and  schists  could  have  originated  as  chemical  precipi- 
tates from  a  primaeval  ocean,  or  any  primaeval  mixture  of 
rock-material  and  superheated  water.  As  he  further  points 
out,  the  idea  has  been  exploded  that  schistosity  is  a  feature 
peculiar  to  Archaean  rocks,  it  may  indeed  be  possessed  by 
young-Tertiary  rocks.  From  the  general  distribution  and 
stratigraphical  position  of  the  "fundamental"  series,  Rosen- 
busch concludes  that  it  represents  in  its  deeper  horizons  the 
first  consolidated  crust  He  thinks  the  agreement  in  the 
mineralogical  composition,  as  well  as  the  interleaving  of  the 
Archaean  gneisses  and  schists  with  the  oldest  eruptive  rocks, 
would  seem  to  indicate  that  the  Archaean  foliated  rocks  have 
at  least  in  part  originated  from  the  same  magma  as  deepseated 
plutonic  rocks.  But  whereas  in  the  case  of  the  granite-grained 
bosses  of  rock  there  is  internal  evidence  that  the  minerals  had 
separated  from  the  magma  in  a  definite  order  according  to 
chemical  laws,  this  is  quite  lacking  in  the  gneissose  and 
schistose  rocks,  which  rather  indicate  that  consolidation  had 
been  controlled  by  mechanical  pressure. 

In  chemical  respects  the  crystalline  schists  agree  sometimes 
with  massive  eruptive  rocks,  sometimes  with  sedimentary 
rocks,  and  in  all  probability  they  have  originated  from  various 
rocks,  from  deep-seated  and  eruptive  masses,  from  intrusive 
and  superficial  eruptive  flows,  from  eruptive  tuffs,  and  from 
all  kinds  of  stratified  deposits.  According  to  Rosenbusch, 
dynamo  metamorphism  is  the  active  principle  that  produces 
the  banded  and  finely  foliated  forms  of  rock-structure. 

In  his  Elements  of  Petrology  (1898)  Rosenbusch  defines  the 
crystalline  schists  as  "eruptive  or  sedimentary  rocks  which  have 
been  geologically  transformed  through  the  essential  co-opera- 
tion of  geo-dynamic  phenomena,"  He  distinguishes  the 
"fundamental"  series  as  an  independent  primaeval  formation, 
and  describes  the  younger  schists  as  local  facies  of  different 
rock-varieties  and  not  confined  to  any  geological  epoch. 

Credner  and  Zirkel  take  exception  to  these  \\e>NS  \w  c^\\.'3a^ 


/.irkel  draws  attention  to  the  fact   that  the 
mental  rocks  and  even  the  vounfrcr  schists  in 
show  only  very  slight  traces  of  mountain-press 
other   hand   sedimentary  rocks   have   often  s 
tectonic  disturbances  and  pressures,  and  yet 
much  changed  in  their  original  constitution.    1 
cal  researches  of  Professor  Salomon  have  duri 
years  attracted  considerable  attention.     Profess 
investigated   the  contact  phenomena  associat 
seated   eruptive  rocks  in   the  Alps,  more  es 
Adamello  group,  and  has  shown  that  different 
have  throughout  long  distances  been  altered  b 
morphism  into  crystalline  schists.     On  the  bi 
servations  in  the  Adamello,  in  the  Cima  d'Asta, 
districts,  and  in  other  parts  of  the  Alps,  Salome 
that  the  granite-grained  bosses  of  the  Tyrol  O 
not,  as  Broegger  concluded,  of  Triassic  age,  but 
in  the  Tertiary  epoch.     The  magmas  solidi^ed  : 
laccolites  and  batholites,  and  as  the  form  of 
material  frequently  varied  m  its   relation   to 
schists  during  its  cooling  and  contraction,  Proi 
thinks  it  possible  that  the  latest  Alpine  uphea 
been  induced  by  such  variations  and  the  conse 
ances  of  crust  equilibrium. 

Although  the  hypothesis  of  dynamo-metamorj 
very  numerous  adherents,  many  questions  regarc 


S  ♦u.^  r.--  »- 


CHAPTER   V. 

PALiEONTOLOGY. 

After  William  Smith,  Alexandre  Brongniart,  and  Cuvier  had 
disclosed  to  geologists  the  significance  that  attached  to  fossils 
as  organic  relics  characteristic  of  successive  geological  epochs, 
some  of  the  most  enlightened  scientific  men  of  the  day  shared 
the  increased  interest  in  the  study  of  fossils,  and,  greatly  to  the 
advantage  of  this  branch  of  research,  directed  their  genius  to 
the  examination,  identification,  and  classification  of  fossils  in 
the  light  of  comparison  with  the  existing  plant  and  animal 
world.  Blumenbach,  Cuvier,  Lamarck,  Schlotheim,  and  others 
applied  the  scientific  methods  of  Zoology,  Comparative  Ana- 
tomy, and  Botany  to  the  investigation  of  the  remains  of  fossil 
organisms.  A  knowledge  of  fossil  remains  was  no  longer 
viewed  as  the  hobby  of  a  few  dilettantes,  but  at  the  chief  seats 
of  learning  was  elevated  to  the  rank  of  an  independent  mental 
discipline  in  the  scientific  curriculum.  The  new  science  was 
given  the  name  of  "  Palaeontology  "  almost  simultaneously  by 
two  eminent  authors,  Ducrotay  de  Blainville  and  Fischer  von 
Waldheim  (1834),  and  the  name  was  rapidly  adopted  in 
France  and  England,  although  in  Germany  the  older  terms 
**  Petrefaktenkunde "  and  "Petrefaktologie"  held  their  place 
for  many  decades. 

Two  directions  were  from  the  first  apparent  in  palaiontologi- 
cal  research — a  stratigraphical  and  a  biological.  Stratigraphers 
wished  from  palaeontology  mainly  confirmation  regarding  the 
true  order  or  relative  age  of  zones  of  rock  deposits  in  the  field. 
Biologists  had,  theoretically  at  least,  the  more  genuine  interest 
in  fossil  organisms  as  individual  forms  of  life;  for  the  biologist 
or  student  of  existing  life  the  supreme  value  of  palaeontology 
was  the  evidence  it  might  bring  towards  the  solution  of  the 
problems  of  the  genesis  and  evolution  of  living  forms,  deter- 
mination of  species  and  genera,  variation  of  types  in  its  rela- 
tion to  chmatic  conditions,  distribution  of  ly^es  '\u  x^^^^oX  ^\ 
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(geographical  provinces,  and  man;  other  fascinating  subjects 
for  scientific  thought  and  invesligaiion. 

The  straligraphical  aspect  of  palaeontology  is,  hovrevcr,  the 
chief  care  of  the  geologist  He  has  to  uoeaith  the  fossils, 
nole  their  environment,  trace  the  particular  fossillferous  bed 
of  deposit  in  its  farther  extension,  and  observe  whether  the 
fossils  are  only  of  sporadic  occurrence  in  l!iit  hori/on  of 
rock,  or  are  distributed  throughout  wide  areas ;  again,  whether 
the  fossils  are  less  frequent  at  that  horizon  than  at  some  other 
horizon  a  httle  above  or  a  little  below  in  the  rock-succcMion, 
or  if  the  fossils  are  so  very  abundant  at  that  horizon  as  (o 
represent  leading  fossil  types,  characteristic  of  that  geological 
horizon  or  zone  of  rock. 

Many  writers  on  fossil  organisms  have  treated  them  merely 
as  a  means  of  identifying  the  age  of  the  rocks,  and  have 
neglected  the  biological  features.  More  general  interest  is  com- 
manded by  descriptions  of  complete  faunas  and  6onis  belonging 
to  a  definite  epoch  in  the  geological  history  of  the  earth. 
Although  monographs  of  this  character  are,  in  the  first 
instance,  of  straligraphical  value,  the  data  whicli  iliL'y  brin^ 
forward  arc  of  use  in  determining  tlie  development  of  organic 

The  first  attempt  at  a 
organisms  is  lo  be  found  ii 
('SJ5-3S).     This  work  is  a  masterpiece  of  scholarship;  it  sum- 

■  Hoimich  Ueorc  TJronn.  Liorn  on  (he  Jrii  March  iSoo,  al  Ziegtlhiuson, 
ma,  HeUlclbctg,  ihe  son  of  a  forcsler,  sludie.l  in  llti.lull.cri;,  aiiJ  Iwcamc 
a  iinivcrsily  tulor  thero  in  1821 ;  in  1828  Elo?'-'*'"''  "f  Z^Jom;and  Tech- 
niiliJCT.  liotwcsn  1S14  anil  1817  lie  iravcllwl  inUpjicf  IialyafiiTSoiitturiii 
Frahi-c  fcir  the  sake  of  nalieonfol epical  and  geolopMl  slu<iici.  Krum 
1830-62  lie  was  .me  (if  the  co-eililors  of  the /aA/^«f*/ir  ,U,wr,i/,',-,>. 
Um^n.isie,  iiuil  ra',conlt>h,i;ie.  Hit  chief  woiks,  the  /.tfi,ra  Ce.'^ietfiia, 
Ihc  Handbook  of  Nalm-al HiilBry,  ihe  Invesli^ilion  into  tht  /iiT'elBf-meafj! 
LaV!S  if  Orj^nhctt  Nalnrr,  brought  him  the  re|iiitation  of  lieing  llic  mir?t 
ilislin|;iii shell  ra1iVontnlcigi<:t  in  (icnnaii)'.  His  <lit)icii1ly  of  liv^iiiri);  u.i? 
a  iltiiilcd  drawljack  tu  lii^  leaching  ]iowi:i-.  Wimniann,  L.>ninKl,  V't. 
tSchwcinfurth,  and  ZiUcl  nic  among  his  grateful  scholars,  llronn  diol  in 
lS62  in  MeiJcIlKrg,  from  lung  disease.  Tlie  first  volume  of  Ihe  l^lh-.  1 
Ufoffiiotlica  appeared  in  iSjj,  and  was  so  widely  citculited  thai  a  scC"!!') 
edition  of  it  was  called  for  liL-fute  Ihe  inihlication  of  the  si-cond  volume— 
Ihi:  laltet  wa;  piiUished  in  iSjS.  A  third  edition  in  three  vlnme;.  .-tnd 
with  124  plates,  was  pulilishcd  between  1851  and  1S5G,  with  the  co.oiieia' 
lion  of  Feidiu^ind  Koemcr,  who  had  underlikcn  Ihc  prcpaialion  of  t>i<; 
l'al,i-o-Letlici-a  or  C.-irlwniferous  Teti-jd,  A  fonrh  edition  was  bepm  m 
iS^O  hy  lincincr,  and  is  at  \>icsent  litiin;  conliiuied  by  rrofcisor  Fretli. 
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marises  all  that  was  previously  known  about  stratigraphy  and 
palasontology.  The  most  important  fossil  types  of  all  the  geo- 
logical formations  are  shown  on  the  forty-seven  folio  plates, 
and  the  text  gives  careful  descriptions  of  the  fossils  and  their 
occurrence. 

The  Lethaa  Geognosiica  was  followed  in  1848-49  by  an 
Index  Palaontologica^  in  which  Bronn  was  assisted  by  Goeppert 
and  H.  von  Meyer.  Both  these  works  exerted  a  great 
influence  on  the  development  of  palaeontology,  and  were  for 
several  decades  the  chief  books  of  reference  for  all  the  more 
comprehensive  palaeontological  works.  Several  other  large 
works  were  published  in  the  early  part  of  the  nineteenth  cen- 
tury; among  others,  the  Mineral  Conchology  of  Great  Britain^ 
by  the  Sowerbys,  between  181 2  and  1845  (ante^  p.  131); 
the  splendid  series  of  plates,  Petrefacta  Germanice^  by 
Goldfuss^  and  Count  Miinster;  the  Paleontologie  Fran^aise^ 
by  Alcide  d'Orbigny  (1840-55).  Goldfuss  and  Miinster* 
intended  to  produce  an  illustrative  work  of  all  the 
invertebrate  fossils  occurring  in  Germany,  but  apparently 
found  the  scheme  too  extensive,  and  concluded  the  work  after 
the  sp)onges,  corals,  crinoids,  echinids,  and  a  part  of  the  fossil 
mollusca  had  been  accomplished.  D'Orbigny  also  gave  up 
his  similar  scheme  of  an  exhaustive  illustrated  account  of  all 
the  fossil  Invertebrates  in  France ;  he  brought  to  completion 
monographs  of  the  Jurassic  and  Cretaceous  Cephalopods, 
Gastropods,  the  Cretaceous  Lamellibranchs,  Brachiopods,  and 
Bryozoa,  and  certain  groups  of  the  Cretaceous  Echinids. 

In  the  first  volume  of  the  Elementary  Course  of  Pa/ccontology 
and  Straiigraphical  Geology  (1849),  D'Orbigny  gave  a  short 
systematic  summary  of  fossil  organisms.  The  Prodrome  of 
Paleontology  is  a  list  of  the  fossil  Mollusca,  Sponges,  and 
Foraminifera  arranged  according  to  the  geological  epochs,  but 
the  list  is  much  less  complete  than  Bronn's  Paheontological 
Index. 

*  Georg  August  Goldfuss,  born  1782  at  Thurnau,  near  Bayreuth ; 
studied  in  Erlangen,  graduated  there  in  1 804,  in  18 18  was  made  Professor 
of  2^1ogy  in  Erlangen,  but  was  soon  after  called  to  Bonn  University  as 
Professor  of  Zoology  and  Mineralogy  ;  died  1848,  in  Bonn, 

*  Count  George  Miinster,  born  1776  of  a  Hanoverian  family,  held  office 
OS  a  Bavarian  Chamberlain,  and  lived  in  Bayreuth,  where  he  died  in  1844. 
His  famous  collection  of  fossils  was  procured  by  the  Bavarian  State  and 
removed  to  Munich,  where  it  formed  the  nucleus  of  the  present  Paheonto- 
logical Museum. 
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The  Palxontogrnphical  Society  was  establtabcd  in  London 
in  the  year  1847  for  the  purpose  of  illuatruiing  and  describing 
[he  whole  of  the  British  Fossil  Species.  The  work  it  has 
accompliihed  is  most  praiseworthy.  Each  year  has  seen  the 
publication  of  a  volome  containing  monographs  by  the  tint 
specialists.  Among  the  contributors  have  been  Richard 
Owen,  H.  Milne-Edwards,  E.  Forbes,  T.  Davidson,  H. 
Woodward,  Ray  Lankester,  Traquair,  Nicholson,  Lapworth, 
Hindo,  and  many  others  whose  names  have  a  wotld-wide 
ri^pute  in  connection  with  iheir  special  researches  of  animal 
groups.  The  publications  of  the  Palxontographicol  Society 
undoubtedly  take  the  first  place  in  the  literature  of  fossils, 
although  the  monographs  are  confined  to  British  fossils.  A 
more  universal  character  is  presented  by  the  volumes  of 
the  Pa!ctontograpU<a,  a  periodical  which  was  commenced  in 
1846  by  W.  Dunker  and  H.  von  Meyer.  For  the  last  three 
decades  the  Palaontographiea  has  been  conducted  by  K.  von 
Ziltd,  and  now  numbers  forty-six  volumes.  Similar  palxonto- 
fp^piiical  journals  have  been  instituted  in  Austtia-Hungan-, 
France,  and  Italy. 

Some  of  the  more  important  works  which  treat  fossils  rathL-r 
from  their  biological  than  their  stratigraphical  standpoint  are 
]Uickland's  Minensh-^y  and  Geoh'^  (183^),  ^''  A,  Mantull:* 
Affdah  of  CrcaliOH  ( 1 844),  and  the  excellent  Traite  eUintiitair< 
de  I'all-onlologie,  published  by  F.  J.  I'ictet  at  Paris  {1S44-46). 
Ituckland's  widely- circulated  book  was  translated  into  CiTinan 
by  the  elder  Agassiz.  In  the  short  geological  introduciion, 
Duckland  impresses  upon  the  reader  the  confirmation  given 
by  the  geological  record  to  the  words  of  Holy  Writ ;  then 
follows  an  attractively  written  account  of  fossil  organisms,  in 
the  course  of  which  frequent  reference  is  made  to  the  modes 
of  life  of  the  various  animal  groups,  and  to  the  relations 
subsisting  between  the  fossil  and  living  representatives  of 
organised  existences. 

Pictet'  treated  pala;ontology  as  an  essentia!  part  of  the  studies 

'  rian^.iis  Jules  I'iclcl,  l>orn  on  the  ^^\'a  Sr;|Jlcml«t  iSoQ,  sri.m  of  an 
ari-Uicr.iLL-  r^iiiily  in  Gcnevn.  1  \e  MudiutI  Law  anil  Sck-ncu  at  thu  Geneva 
Acailemy,  ami  wenl  in  1S30  lo  r.iris.  wlierc  he  UMciciated  much  wiih 
Ciivicr,  Gci>frri.y  Sniiit-llM.iire.  Itt.iiiivMIe,  and  Amluiim.  In  iSi:  hi- 
rcturncd  to  Clcnev:.,  inU^-.lod  liiix.si-lf  cliiolly  in  en loni. ,!.«>■  and  Cininu- 
live  Aii.Hoi»y,  and  mn.rie.t  Mk^  Je  la  kive.  a  si-ind-daUKlUt-r  of  Neck.< 
dc  Sanssiirc.  In  iSj;,  Tielot  was  a]J|>oinled  I'rofcsor  (if  Zooli^  al  ilie 
Ac^idemy,  but  rellied  in  1^59,  in  oidet  tu  devote  himself  wholly  lo  his 
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of  Zoology,  Comparative  Anatomy,  and  Botany.  He  confined 
himself  in  his  treatise  to  fossil  animals,  and  adhered  to 
a  strict  systematic  order  throughout  his  work,  constantly 
keeping  in  view  the  characteristics  of  the  corresponding  living 
forms.  At  the  same  time,  the  geological  occurrence  of  the 
fossils  is  nowhere  omitted.  In  his  treatment  of  the  Mollusca 
and  Echinoderms,  Pictet  agrees  as  a  rule  with  D'Orbigny's 
views ;  in  classifying  the  Vertebrates  he  relies  chiefly  upon  the 
works  of  Cuvier  and  Agassiz.  Pictet's  work  was  taken  as  a 
model  for  a  number  of  text-books  which  rapidly  made  their 
appearance.  The  Principles  of  Paleontology y  by  H.  B.  Geinitz 
(1846),  keeps  closely  to  Pictet's  order  and  treatment  of  the 
subject;  C.  G.  GiebePs  Paleontology  (1852)  is  merely  a  short 
summary,  his  unfinished  Fauna  of  the  Past  (1847-56)  is  a 
diligently  compiled  enumeration  of  all  known  Vertebrates, 
Cephalopods,  and  Arthropods.  A  large  number  of  new 
observations  and  illustrations  are  contained  in  F.  A. 
Quenstedt's  well-known  account  of  fossils,  Petrefaktenkunde 
(Tubingen,  1852).  The  work  had  passed  through  three 
editions  in  1885,  and  for  more  than  three  decades  was  the 
chief  handbook  of  palaeontology  used  by  the  German  students. 
Quenstedt's  larger  work,  Petrefaktenkunde  Deutschlands,  with 
two  hundred  and  eighteen  plates,  was  published  at  intervals 
between  1846  and  1878.  As  a  collective  book  of  reference  on 
the  Vertebrate  fossils  found  in  Germany,  it  is  indispensable  in 
palaeontological  libraries.  Sir  Richard  Owen's  Paleontology 
(i860)  provides  an  excellent  general  survey  of  the  Vertebrate 
animals,  but  the  Invertebrates  are  insufficiently  treated. 

The  systematic  direction  of  palaeontology  was  until  i860 
under  the  influence  of  Cuvier's  theory  of  the  invariability  of 
species.  Lamarck's  bold  hypotheses  regarding  the  transmuta- 
tion and  descent  of  organic  forms  remained  almost  neglected 
by  palaeontologists,  although  H.  G.  Bronn,  Quenstedt,  and  a 
few  others  had  no  belief  in  the  fixed  invariability  of  species, 
nor  in  the  sharp  distinctions  drawn  between  successive  periods 
of  creation  supposed  to  have  been  separated  from  one  another 

palceontological  labours,  and  the  direction  of  the  Natural  History  Museum. 
Between  1866  and  1S68  he  l)ccan[ie  Rector  of  the  Geneva  Academy,  and 
was  at  the  same  time  a  meml>er  of  the  Council  of  Education  for  the 
Zurich  Polytechnic  School ;  he  also  took  an  active  part  in  political  life, 
was  a  member  of  the  Grand  Council  of  Geneva,  and  of  the  National 
Council  in  Bern.     He  died  on  the  I5ih  March  1872. 
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by  groat  earth -cataclystns.  Otherwise  poison lologica I  re- 
s(;arch  between  i8io  and  i860  made  remarkable  advaiicts. 
Innumerable  new  forms  were  brought  to  light  by  fcaloui  slrali- 
graphers  during  their  field  surveys;  while  the  museums  were 
rapidly  extending  their  collections,  and  aiTording  ready  oppor- 
tunities to  the  younger  minds  of  assimilating  the  broad  farts 
and  tendencies  of  palaiontological  investigations, 

Schlotheim  had  in  1804  laid  the  ground-work  o(  a  knowledge 
of  fossil  plants,  and  Count  von  Sternberg  '  worthily  continued 
these  pioneer  labours.  His  chief  work,  Aftempi  at  a  Geognotlic 
Botanic  Represtntation  of  the  Flora  of  the  Pait  (1810-53), 
describes  two  hundred  fossil  species  of  plants,  and  is  illustrated 
by  sixty  splendid  folio  plates.  Sternberg  tried  to  insert  the 
fossil  species  iiiio  the  botanical  system  of  existing  floras, 
applied  names  correspondingly  to  the  fossil  species,  and  dis- 
carded the  old  names  under  which  the  fossil  forms  had  been 
known.  He  accomplished  much  for  the  proper  botanical  sig' 
nificance  of  fossil  floras,  and  paved  the  way  for  a  sciemilic 
treatment  of  paLTophytoiogy. 

A  year  after  the  appearance  of  the  first  part  of  Sternberj;'? 
work,  Adolplic  Brongniart'  began  his  celebrated  studies  in 
fo.ssil  plants. 

Like  Sternberg,  Brongiiiart  also  consistently  carried  out  the 
examination  and  description  of  fossil  plants  strictly  on  linL-.s  of 
comparison  with  living;  plant-forms,  and  he  arrived  at  simil.ir 
results.  IJrongniart  had  at  his  disposal  much  more  cMtn-ivi; 
material  of  observation  than  his  German  contemporary.  Hi? 
first  Tiealise  on  the  Classificalimi  and  Dhtrihition  of  lossil 
Plants  is  therefore  the  most  complete  and  most  scientific 
summary  of  all  the  fossil  plants  known  before  ibe  year  of 
its  publication,  1822.  A  large,  richly  illustrated  work,  whose 
contents  were  made  known  in  a  preliminary  Prodrcme,  was 
intended  to  form  a  fuller  supplement  to  the  earlier  treatise, 
but  unfortunately  was  never  completed,  and  contains  only  the 


Sm,v%itz  (ii„U™,K-i),  LelonK^d  to  an  ..Ul  family,  »as  [.r.^-Jen  of  i},,. 
Iloliemian  K:ilio[ial  Mu,eMm.  ro  which  ht  Ix^quc.ilhed  hi,  lii.rirv  an.) 
culludixna;  died  30th  Un-unilier  iSjS. 

'  Adol|ihc  The.«lote  Brtinmiiart,  l.nrn  180T  in  T.iris,  l!ie  snn  of  llic 
famnus  (jculogisi,  Alexandte  Brungiit.iii,  sliidicd  mi'ilicine.  lim  occupied 
himsflf  chiefly  wilh  Imlanvi  was  in  iSjj  npiioinled  I'rotesioi  of  R.iinny 
nt  Ihe  liolanieil  Gaiden,  m  1851  (lenct.-il  Intpccior  of  Ihc  Univcfiily  of 
J'laiice;  died  on  the  iglh  I'cbruary  1876,  in  I'.iiis. 


PALiEONTOLOGY.  369 

m 

monographic  description  of  a  large  part  of  the  Cryptogams. 
Nevertheless,  the  unfinished  work  created  a  model  of  the  best 
methods  of  palaeophytological  investigation. 

Although  an  adherent  of  Cuvier's  theory,  Brongniart  pointed 
out  the  gradual  development  of  the  floras  in  successive  geo- 
logical periods,  and  thought  that  the  atmosphere,  which  had  been 
in  the  earliest  epochs  warm  and  moist  and  supersaturated  with 
carbonic  acid  gas,  became  purer  and  colder  in  course  of  time, 
and  less  suitable  for  the  lavish  development  of  vascular  crypto- 
gams. According  to  Brongniart,  plant-life  began  on  small 
islands  in  the  primaeval  ocean ;  these  islands  afterwards 
united  to  continents,  and  the  vegetation  that  spread  over 
them  always  progressed  towards  more  perfect-  types,  and 
approached  more  nearly  to  the  flora  of  the  present  epoch. 
He  thought  that  the  great  changes  in  the  floras  and  faunas  of 
past  ages  had  been  effected  contemporaneously  by  stupendous 
revolutions. 

Peculiar  results  were  obtained  by  J.  I.indlcy  and  W.  Hutton 
in  their  study  of  the  fossil  flora  of  Great  Britain.  Their  un- 
finished work,  consisting  of  three  octavo  volumes,  was  published 
between  1831  and  1837,  ^"^  contains  good  descriptions  and 
illustrations  of  most  of  the  Carboniferous  types.  Both  authors 
contest  the  existence  of  tree-ferns  in  the  Carboniferous  forma- 
tion, doubt  the  relationship  of  the  Calamites  to  the  Equisetacese, 
and  are  of  opinion  that  the  Carboniferous  flora  included  not 
only  Conifers,  but  Cacti,  Euphorbias,  and  other  dicotyledons. 
They  altogether  deny  a  progressive  development  of  the  fossil 
floras. 

Brongniart  and  his  predecessors  had  identified  the  fossil 
forms  exclusively  from  microscopic  features :  the  finer 
structures  came  little  into  consideration.  A  new  field  of 
research  was  opened  by  several  papers  which  gave  an  account 
of  the  microscopic  structure  of  wood.  One  of  the  earliest  was 
an  essay  by  Sprengel  (1828)  on  the  silicified  stems  of  trees 
(Psaronites).  This  was  followed  in  1831  by  Witham's  treatise 
on  the  structure  of  fossil  and  recent  woods,  and  in  1832  by 
Cotta's  richly  illustrated  work  on  the  tree-ferns  (various  species 
of  Psaronius)  from  the  Red  Underlyer  or  Lower  Dyassic  rocks  of 
Saxony.  An  important  work  was  published  by  August  Corda 
between  the  years  1838  and  1842  on  the  comparative  structure 
of  fossil  and  recent  stems.  The  illustrations  of  this  work  were 
admirably  drawn  by  the  author  himself.     The  memoir  iu  i^'v^'^ 


plants,  and  there  is  scarcely  any  domain  in  fo 
has  not  come  under  Goepperts  special  in\ 
monographs  on  the  genera  of  fossil  plants  ( 
Tertiary  floras  of  Silesia  and  Java,  on  fossil 
conifers  (1850),  as  well  as  his  excellent  researc 
scopic  structure  of  fossil  woods,  coal  and 
among  the  best  contributions  that  have  be 
knowledge  of  fossil  vegetations. 

In  comparison  with  the  flora  of  the  older  g 
that  of  the  Tertiary  period  was  for  a  long  time  1 
but  about  the  middle  of  the  nineteenth  centi 
were  devoted  to  this  period.  Franz  Ung< 
Botany  and  Zoology  in  Graz,  published  bet 
1847  ^^^  Chloris  Protogxciy  in  which  more  th 
and  twenty  new  species  of  Tertiary  plants  are 
trated,  and  classified  under  genera  still  existin] 

In  a  second  work  on  the  flora  of  Sotzka, 
of  fossil  Tertiary  plants  are  represented  on 
plates,  and  the  Sylloge  plantarum  fossiiium 
tains   descriptions   and   illustrations  of   thre 
twenty-seven  Tertiary  species.     The  Synopsis 
(1845),  of  which  a  second  edition  appeared  in 
summary  of  the  whole  of  phytopalacontological 
was  accompanied  by  the  well-known  series  of 
which  Unger  designed  to  convey  an  impressio 
tcristic  appearance  presented  by  the  successi 
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Zurich  botanist,  Oswald  Heer,^  has  made  his  name  famous  by 
the  admirable  comparative  researches  which  he  carried  out  on 
the  flora  of  Oeningen  and  other  North  Alpine  localities.  His 
first  palaeontological  works  reach  as  far  back  as  1847.  His 
masterpiece  appeared  between  1855  and  1859,  the  Terliary 
Flora  of  Switzerland^  in  two  volumes,  wherein  no  less  than 
nine  hundred  species,  for  the  most  part  new  species,  are 
described;  one  hundred  and  fifty-five  plates  illustrated  the 
work. 

His  scholarly  mind  and  wide  knowledge  of  his  subject 
enabled  Heer  to  reconstruct  in  the  ablest  manner  the  different 
floras  of  the  Tertiary  epoch,  to  compare  them  with  those  of 
other  Tertiary  districts  and  of  the  present,  and  to  discover  by 
this  means  what  had  been  the  temperature  and  other  climatic 
conditions  during  the  growth  of  the  successive  Tertiary  floras. 
The  results  of  these  important  researches  were  afterwards 
published  in  the  form  of  a  popular  scientific  work,  The 
Primeval  World  of  Switzerland  (1864),  and  roused  great 
interest  in  a  wide  circle  of  readers.  Another  fundamental 
work  by  O.  Heer  treats  the  fossil  flora  of  the  Arctic  regions. 
It  consists  of  several  independent  treatises  written  in  different 
languages;  the  whole  work  comprises  seven  quarto  volumes, 
which  were  published  between  1869  and  1884.  The  Flora 
Arctica  forms  not  only  an  important  contribution  to  the 
systematic  knowledge  of  fossil  floras,  but  is  a  work  of  the 
highest  geological  value  on  account  of  its  inferences  regarding 
the  earlier  climates  of  Arctic  regions. 

Heer  advocates  the  view  of  a  gradual  approach  of  fossil 
floras  to  living  creation,  and  a  progressive  differentiation  and 
perfecting  of  all  organised  forms.  He  thinks  the  innate 
tendency  of  the  organic  world  towards  higher  evolution  was 
implanted  in  it  by  the  Creator,  and  that  evolution  takes  place 
in  accordance  with  immutable  laws.  In  his  opinion,  the 
variations  of  species  and  genera  were  not  accomplished,  as 
Darwin   supposes,    by   means   of   slow   modifications   in    the 

^  Oswald  Heer,  born  31st  August  1809,  at  Niedenitzwyl  in  Canton  St. 
Gallen,  the  son  of  the  Protestant  pastor,  studied  Theology  in  Halle,  and 
graduated,  but  in  1834  accepted  a  university  tutorship  at  Zurich  University ; 
in  1852  was  appointed  Professor  in  the  same  University,  and  afterwards  held 
also  a  Professorship  in  the  Polytechnic  Academy  of  ZUrich.  In  1852  he 
spent  eight  months  in  Madeira  on  account  of  lung  weakness;  in  1870  the 
old  weakness  broke  out  afresh,  and  on  27th  September  1883  he  died  in 
Zurich. 
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course  of  countless  generations,  but  at  definite  periods  of 
creation,  by  means  of  a  more  or  less  complete  re-raodciltng  of 
the  previously  existing  species  in  the  plant  and  animal 
kin[{doms. 

The  numerous,  and  in  some  cases  beautifully  illuslrated, 
works  of  Abramo  Massalongo  (between  1850  and  1861) 
elucidate  the  Tertiary  Roras  of  upper  and  middle  Italy. 
Another  voluminous  writer  on  Tertiary  floras  was  Baron  ron 
Ettingshausen.'  His  first  works  discuss  the  Tertiary  plants 
of  the  Vienna  basin  and  the  fossil  Proteaceie. 

A  method  of  securing  a  natural  impression  of  leaves  was 
about  this  time  discovered  in  the  Government  Printing  Otlicc: 
at  Vienna,  and  Ettingshausen  immediately  had  the  mt'ihod 
adapted  to  facilitate  scienlilic  researches  of  recent  and  fossil 
types  of  venation.  In  a  memoir  published  in  1854, 
Ettingshausen  showed  the  importance  of  leaf-venation  for  the- 
systematic  identification  of  isolated  fossil  leaves,  and  suggested 
a  special  terminology  for  the  nervation  of  leaves.  His  larpt- 
work  is  a  h:indsomely-preparcd  account  of  Austrian  plants  111 
sis  volumes,  Phyuolypia  Pluntarum  Austriacarum,  illustrated 
by  natural  impressions  of  tlie  leaves.  I'okorny  collaborated 
with  Ettingshausen  in  the  preparation  of  this  work,  which  was 
exhibited  at  the  Paris  Exhibition  in  the  year  1867.  Several 
iiidi;pendent  monographs  by  Ettingshausen  succeeded  this 
work,  and  methods  which  he  initiated  have  added  very  t;reatly 
to  the  security  with  which  fossil  leaves  may  be  identifit-d. 
Ettingshausen  followed  Heer  in  constantly  making  a  com- 
parison between  recent  and  fossil  forms,  but,  unlike  Heer,  he- 
was  an  enthusiastic  believer  in  the  Darwinian  theory  of 
descent. 

Meanwhile  the  knowledge  of  Carboniferous  floras  was  Ixins 
irom  time  to  time  enriched,  W.  C.  Williamson  contributeii 
several  works  (iSi;i-68)  on  the  Carboniferous  flora  of  Great 
r.ritain  ;  (hat  of  North  America  was  being  carefully  c 
by  Sir  U'llliam  Dawson  and  I.eo  Les(|uereux. 

The  first  complete  enumeration  of  pala:ophytological 
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is  found  in  the  Traiic  de  Palkontologie  vkgktaU  (Paris, 
1869-74),  by  Philipp  Schimper,  who  was  Director  of  the 
Museum  in  Strasburg,  and  a  Professor  in  the  University. 
Schimper  handled  the  material  essentially  from  a  botanical 
standpoint,  but  was  also  an  admirable  exponent  of  the  geo- 
logical relations  and  significance  of  fossil  plants. 

August  Schenk,  for  a  long  time  (1868-91)  Professor  of 
Botany  in  Leipzig,  exerted  a  very  great  influence  on  the 
advance  of  palxophytology  in  Germany.  His  detailed  works 
were  devoted  to  an  investigation  of  the  flora  of  the  French 
Keuper,  and  more  especially  to  the  plant  forms  from  the  passage- 
beds  between  the  Keuper  and  Lias.  These  appeared  before 
1 868,  while  Schenk  was  still  Professor  of  Botany  in  Wiirzburg. 
After  his  removal  to  Leipzig  he  came  more  into  touch  with 
Berlin  influences,  and  he  undertook  the  investigation  of  the 
large  collection  of  fossil  floras  which  had  been  brought  from 
China  by  Baron  von  Richthofen  and  Count  Szechenyi.  Other 
materials  examined  by  him  were  the  silicified  woods  from  the 
Nubian  sandstones,  fossil  wood  from  Cairo,  the  plant  remains 
from  the  Muschelkalk  of  Recoaro  and  from  the  Weald  forma- 
tion of  England. 

While  all  these  were  of  the  nature  of  special  researches,  a 
work  of  more  general  interest  is  Schenk's  systematic  treatment 
of  the  fossil  plants  in  ZitteFs  Handbook  of  Palceoniology,  After 
the  death  of  Schimper,  who  had  only  completed  the  crypto- 
gams and  cycads,  Schenk  undertook  in  1881  the  continua- 
tion of  this  w^ork.  By  means  of  the  critical  method  which  he 
carried  out  uniformly  throughout  his  classification  of  flowering 
plants  in  Zittel's  handbook,  and  from  which  the  works  of  the 
highest  authorities,  such  as  Unger,  Heer,  Von  Ettingshausen, 
and  Saporta,  were  not  spared,  Schenk  practically  initiated  a 
reform  in  palaeophytology.  He  showed  how  many  of  the  fossil 
genera  and  species  had  been  based  on  insufficient  grounds  of 
distinction,  and  how  often  miserably  preserved  fossil  remains, 
whose  identification  was  impossible,  had  been  used  for  the 
erection  of  new  genera  or  made  the  basis  of  some  wonderful 
new  hypothesis.  Many  of  the  special  papers  on  fossil  plants 
had  been  contributed  by  authors  with  insufficient  botanical 
training,  and  were  in  consequence  an  untrustworthy  foundation 
for  any  inductive  reasoning  regarding  the  past  periods  of 
vegetation  and  their  climatic  conditions. 

Schenk  was  also  very  dubious  about  the  value  of  Ettlcie^^- 
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in  such  a  way  as  to  demonstrate  their  origina 

one  another  ;    and  •  the  want  of  caution  di 

inquirers  had  created  a  mass  of  palaeophyt< 

J  which  for  scientific  purposes  was  little  more  tt* 

i  to  be  discarded 

•.-  Schenk  fearlessly  and  patiently  carried  out 

y  the  valuable  results  from  the  worthless,  an< 

1  and  comprehensive  knowledge  of  living  forn 

,|  scattered  information  regarding  extinct  forms 

i  most  recent  aspects  of  botanical  science; 

-;'  treatment    of    fossil    floras    is    now    adopte 

authorities. 

Schenk  was    a    warm    supporter    of   Dar 
I .:.  descent    His  remarks  on  the  genealogical  rel 

^''  different  fossil  groups  of  plants  and  the  m 

I  variations  of  the  ancient  floras  are  of  unusu 

less  suggestive  are  his  inferences  regarding 
j'  former  ages  and  the  general  character    of 

(|  Schenk's  views  on  such  subjects  frequently  d 

of  Ettingshausen  and  Heer. 

The  Marquis  of  Saporta  (1823-95),  ^^^  ^ 

\  *  family,  devoted  all  his  leisure  to  the  study  ol 

I  i860  began  to  interest  himself  especially  in  fa 

writings  are  among  the  most  valuable  descrij 

been  given  of  fossil  floras.     They  deal  large! 

Tertiary  floras  of  Southern  France.     He  de-srr 
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elucidate  the  developmental  phases  of  the  floras  of  past  time 
in  the  sense  of  the  theory  of  evolution. 

In  his  Cours  de  la  Boianique  fossile  (Paris,  1881-85),  M.  B. 
Renault  describes  the  fossil  cycads,  cordaites,  sigillarias,  lepido- 
dendrons,  stigmarias,  ferns,  and  conifers.  His  classification 
adheres  closely  to  the  systematic  arrangement  of  living  plants. 
The  same  plant-groups,  together  with  thallophytes,  mosses, 
calamarias,  and  equisetes,  are  ably  described  in  a  German 
work  which  appeared  about  the  same  time,  Einleiiung  in 
die  Paiaophyto/ogie,  by  Count  von  Solms-Laubach  (Leipzig, 
1887). 

Upon  the  whole,  botanists  have  always  taken  a  more  im- 
portant part  than  geologists  in  the  advance  of  palaeophytology, 
and  in  recent  years  the  purely  botanical  treatment  has  become 
even  more  predominant.  The  severe  strictures  passed  by 
Schenk  on  the  uncritical  palaeontological  papers  that  appeared 
so  numerously  in  the  middle  of  the  last  century  have  had  their 
influence;  now  the  author  of  a  paper  on  any  department  of 
palaeophytology  is  expected  to  have  a  sound  knowledge  of 
systematic  botany. 

It  cannot  be  said  that  pala*ozoology  has  yet  arrived  at  this 
desirable  standpoint  Just  as  palaeophytology  has  come  to  be 
regarded  and  treated  scientifically  as  a  branch  of  botany  in  the 
only  true  and  wide  sense,  so  should  palaeontology  be  regarded 
as  a  branch  of  zoology  in  its  wide  sense.  But  while  the 
greatest  scientific  successes  have  been  achieved  by  those  re- 
search students  who  have  treated  their  particular  subject  from 
this  wider  aspect,  we  find  in  the  universities  that  palaeontology 
is  often  relegated  to  the  care  of  a  geological  specialist.  Cuvier 
and  Lamarck  in  France,  and  Richard  Owen,  Wallace,  Huxley, 
Ray  I>ankcster,  Alleyne  Nicholson  have  been  brilliant  ex- 
ponents in  Great  Britain  of  the  higher  and  wider  scope  of 
zoology.  But  comparatively  few  individuals  have  such  a 
thorough  grasp  of  zoological  and  geological  knowledge  as  to 
enable  them  to  treat  palaeontological  researches  worthily,  and 
there  has  accumulated  a  dead  weight  of  stratigraphical-palaeonto- 
logical  literature  wherein  the  fossil  remains  of  animals  are 
named  and  pigeon-holed  solely  as  an  additional  ticket  of  the 
age  of  a  rock-deposit,  with  a  wilful  disregard  of  the  much 
more  difficult  problem  of  their  relationships  in  the  long  chain 
of  existence. 

The  terminology  which  has  been  introduced  in  the  innumcr- 
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able  monogrnphs  ot  special  fossil  faunas  in  the  majority  of 
cases  makes  only  the  slenderest  pretext  of  any  connection 
with  recent  systematic  zoology;  if  there  is  a  difficulty,  then 
stratigraphical  arguments  are  made  the  basis  of  a  solution. 
Zoological  students  are,  as  a  rule,  too  activ-cly  engaged  and 
keenly  interested  in  building  up  new  observations  to  attempt 
lo  spell  through  the  arbitrary  palfeontological  conclusions 
arrived  at  by  many  straiigraphcrs,  or  to  r^fvise  their  labours 
from  a  zoological  point  of  view. 

Uniil  the  sixtb  decade  of  the  nineteenth  century  the 
exact  description  of  genera  and  species  received  the  chief 
attention  in  the  literature  both  of  zoology  and  slratigraphical 
pala:onlology.  The  individual  faunas  and  floras  of  the  past 
time  were  regarded  by  the  adherents  of  the  Catastrophal 
Theory  as  creations  quite  distinct  from  one  another,  whose 
order  of  succession  and  whose  mutual  relations  it  was  the 
first  duly  of  stratigraphy  and  palreontology  to  detetmine.  In 
a  prize  essay  of  the  Paris  Academy,  entitled  "  Investigations  of 
tbc  developmental  laws  of  the  organic  world  during  the  period 
of  formation  of  our  Earth's  Surfatc"  (Stuttgart,  185S),  H.  G. 
lironn  has  supplied  a  valuable  comptndium  of  all  ihe  known 
palEeoiilological  material  and  the  distribution  of  the  fossils  in 
the  difTerent  strata. 

In  this  work  Bronn  criticises  unravourably  the  theories  of 
creation  and  duvelopmunt  advanced  by  Lamarck,  Geolfrov 
Sainl-Hilairc,  Oken,  (Irant,  and  others.  He  admits  tha't 
modifications  of  organic  forms  may  produce  racial  distinctions, 
but  refinrds  as  fallacious,  or  at  leait  wholly  hypothetical,  tlie 
generalio  n-'/iiivOiH,  the  gradual  modification  of  species,  the 
descent  of  all  younger  forms  from  older,  as  well  as  the  evolu- 
tion of  more  highly- perfected  organisms  from  those  on  a  lowt-r 
platform  of  organisation.  He  assumes  a  creative  force  wliith 
not  only  brought  forth  the  first  organisms,  but  bad  coniinutd 
during  subsequent  geological  epochs  lo  the  present  age,  and 
had  worked  independently  of  chance  circumstances  and  accord- 
ing to  a  definite  plan.  The  unity  of  ibis  plan  was  the  basis 
of  the  apparent  relationships  Ijetween  the  types  of  successive 
creations  ;  as  certain  types  became  extinct,  others  were  created 
of  similar  but  more  iKTfect  design  lo  replace  the  gap  in  the 
organic  wuild.  Thus,  by  repeated  substitutions,  as  Sedgwick, 
Hugh  Miller,  ISroiigiiiart,  and  Agassi/  bad  already  advocated, 
Ihonn    iries    to    explain    tbc    universal    tendency  in    animate 
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creation  towards  the  improvement  of  the  type.  Bronn  recog- 
nises the  frequency  of  so-called  "mixed  forms"  uniting  in 
themselves  features  which  subsequently  are  distributed  and 
specialised  in  different  related  genera  or  families,  but  he  takes 
such  forms  to  be  incontrovertible  evidence  of  the  law  of  the 
introduction  of  improved  forms. 

As  far  back  as  1849,  L.  Agassiz  had  distinguished  progressive, 
prophetic,  synthetic,  and  embryonic  types  among  fossil  organ- 
isms, and  had  attributed  great  importance  to  the  prophetic 
and  embryonic  types  as  fore-runners  and  signs  of  coming 
changes  in  the  organised  relations.  A  similar  conception  was 
afterwards  conveyed  by  Richard  Owen  in  his  defmition  of 
"plan-forms"  or  "archetypes." 

Both  Agassiz  and  Bronn  gave  particular  attention  to  the 
grades  of  differentiation  and  complexity,  and  to  the  systematic 
rank  of  an  animal  type,  and  enunciated  fundamental  principles 
of  animal  organisation.  In  1854,  Edward  Forbes  for  the  first 
time  in  literature  pointed  out  the  significance  of  degeneration, 
or  retrogression  of  types,  as  shown  in  certain  groups  of  animals. 

According  to  Bronn,  two  fundamental  principles  have  guided 
the  whole  succession  of  organisms  from  the  oldest  geological 
period  to  the  present  time :  first,  an  extensive  and  intensive 
productive  force  continually  increasing  in  power ;  and  second, 
the  nature  and  the  variations  of  the  external  conditions.  With 
remarkable  skill  and  ingenuity,  Bronn  elucidates  the  circum- 
stances and  events  upon  which  the  activity  of  the  productive 
force  is  dependent,  as  well  as  the  varying  conditions  of  the 
atmosphere,  the  climate,  the  distribution  of  land  and  water, 
the  configuration  of  the  successive  land  surfaces  in  the  past 
ages,  and  the  influence  of  the  varying  conditions  on  the 
animate  creation.  He  infers  from  these  considerations  the 
law  of  terripetal  dei^elopment.  From  a  primaeval  ocean  rose 
cliffs,  islands,  and  continents ;  the  fauna  of  a  universal  ocean 
was  succeeded  by  the  first  settlement  of  land  animals  and 
plants ;  as  the  islands  and  continents  increased  in  size,  and 
denudation  altered  their  surfaces,  new  conditions  of  existence 
were  provided  for  terrestrial  and  fresh-water  inhabitants,  and 
more  complex  correlations  and  differentiations  of  parts  were 
rendered  possible.  The  faunas  and  floras  of  the  older  geo- 
logical periods  bore  a  tropical  impress :  the  temperature  cooled 
very  slowly,  and  as  the  conditions  approached  more  nearly  to 
those  of  the  present  age,  the  strange-looking  orders,  families, 
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genura,  and  specks  of  the  earlier  ages  gradually  became  ex- 
tinct and  were  replaced  by  those  of  to-day. 

But  whereas  Cuvier,  Agassi/,  D'Orbigny,  and  other  sup- 
porters of  the  Catastrophal  Theory  had  supposed  the  faunas 
and  flof-is  of  any  one  geological  period  to  be  sharply  defined 
from  those  of  the  foregoing  and  succeeding  ages,  and  in  fact 
lo  have  no  species  in  common,  Bronn  insisted  that  a  smaller 
or  larger  number  of  genera  and  species  passed  from  one  age 
to  the  next,  and  have  been  in  a  measure  conmcUng  infemitdiaie 
links.  The  creation  of  new  types  and  the  extinction  of  old 
types  had  not  been  confined  to  a  few  "days"  or  "periods" 
of  creation  associated  with  great  earth  catastrophes,  but  had 
been  conlinuatly  and  quUlly  going  an  as  a  consequence  of  the 
changes  in  the  external  conditions  of  existence  which  had 
been  likewise  continuously  in  progress  during  the  whole 
geological  history  of  the  earth.  At  the  some  time  Bronn 
allowed  that  certain  surface  changes  bad  been  the  cause  of 
more  far-reaching  variations  of  tbrm  than  others.  The  period 
of  existence  that  had  been  assigned  to  the  fossil  species  was 
extremely  unequal;  as  a  rule,  however,  it  had  been  very  Ion;;. 
The  limits  of  the  geological  horizons,  formations,  ctr.,  art- 
neither  in  palreontological  nor  in  geographical  or  lithological 
respect  absoluttly  sharp,  but  are  frequently  more  or  less  in- 
deiinable. 

The  able  arguments  of  Bronn  opened  up  a  series  of  ques- 
tions which  until  his  time  had  either  been  entirely  neglected  hy 
jKilrcontologists,  or  had  never  benefited  by  a  frank  and  lucid 
expression  of  their  difficulties.  Uronn's  leaching  was  in  cicse 
harmony  with  Charles  Lyell's  doctrine  of  the  uniformitarian 
development  of  the  earth;  more  especially  lironn's  insistence 
upon  the  continuity  in  the  processes  of  change,  and  his  scien- 
tific demonstration  of  transitional  S[)ecies  and  genera  bridging 
the  supposed  gaps  in  the  palKontological  and  slraligraphicjl 
succession  provided  a  stepping-stone  for  the  acceptance  of 
Darwin's  grander  principles.  When,  in  the  year  1859,  Darwin's 
epochal  work  On  tke  Ori;'in  of  S^tcics  by  means  of  Natural 
Sekdion  appeared,  it  was  Broun  who  was  one  of  the  first  in 
{'lermany  to  recognise  it  as  the  outcome  of  an  extraordinary 
genius,  and  he  immediately  translated  the  work  into  the 
German  lant;uage. 

The  publication,  in  1866,  of  Krnst  Haeckcl's  work  on 
General   Morphology   was   ilie    first    piacUcal   application    of 
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Darwin's  theory  to  zoological  classification,  and  it  exerted 
a  widespread  influence  both  in  extending  the  knowledge  of 
Darwin's  leading  principles  and  in  demonstrating  the  great 
superiority  of  a  scheme  of  classification  based  upon  these 
principles  over  the  many  artificial  schemes  which  had  been 
previously  proposed  on  the  basis  of  recurrent  earth  cata- 
strophes, or  on  that  of  repeated  exhibitions  of  the  creative 
force  and  the  working  of  inscrutable  laws. 

A  decade  after  the  publication  of  the  Origin  of  Species^ 
Darwin's  theory  of  descent  was  almost  universally  accepted 
as  the  most  natural  basis  of  classification  in  all  the  domains 
of  the  science  of  animal  organisms.  Darwin's  conception  of  , 
the  origin  of  species  could  not  fail  to  enhance  the  interest  of 
palaeontology.  That  study  was  realised  to  be  no  longer  merely 
descriptive  and  comparative,  or  the  means  of  bringing  useful 
material  to  the  sciences  of  botany  and  zoology,  but  a  branch 
of  knowledge  to  be  studied  for  its  own  intrinsic  interest. 

The  greatest  likelihood  of  solving  some  of  the  obscure 
problems  of  the  origin  and  extinction  of  species  lay  with  the 
palaeontologist,  since  the  rich  material  at  his  command,  ex- 
tending through  many  successive  ages,  comprised  the  record 
of  the  incoming  and  outgoing  of  countless  types  of  life.  The 
orig"ii  geological  development,  gradual  modification,  differ- 
entiation, improvement  or  degeneration  of  the  individual 
groups  of  the  animal  and  plant  kingdom,  the  genealogical 
relations  of  the  primaeval  and  recent  organisms,  the  phylogeny 
of  the  plant  and  animal  world,  the  relations  between  the 
developmental  history  (ontogeny)  of  the  single  individual, 
and  the  history  of  descent  (phylogeny)  of  the  family,  order, 
and  class  to  which  the  individual  belongs,  are  questions  which 
can  be  answered  either  exclusively  by  palaeontology  or  only 
with  its  assistance. 

With  Darwin  begins  the  modern  period  of  palacontological 
research.  Numerous  and  important  evidences  were  brought 
forward  in  favour  of  the  doctrine  of  descent.  The  continuous 
series  of  forms,  which  can  be  followed  through  several  strati- 
graphical  horizons  and  formations  with  greater  and  less 
variations,  the  occurrence  of  mixed  and  embryonic  types, 
the  parallels  of  ontogeny  with  the  chronological  succession 
of  related  fossil  forms  (biogenetic  principle  of  Haeckel),  the 
similarity  in  the  general  impress  of  the  fossil  floras  and  faunas 
next  each  other  in  age,   the  agreement  in  the  geographical 


nas  been  held  more  and  more  distinct  fron: 
systematic  treatment,  and  the  latter  places 
direction  of  research  more  and  more  in  the  fc 
literature  has  been  so  extensively  increased, 
contributed  in  so  many  different  languages, 
culated  in  so  few  copies,  that  very  great  difii 
the  way  of  obtaining  a  complete  general  survc 
The  older  text-books  of  Bronn,  D^Orbigny,  Gci 
Giebel,  Nicholson,  and  others  were  rapidly  01 
were  partially  designed  only  to  meet  the  1 
beginners. 

The  Handbuch  der  Paiaoniologie  of  Karl  A. 

botanical  part  of  which  was  written   by  W. 

A.   Schenk,   endeavours    to    provide    a    gent 

palasontological  subject-matter  in  harmony  wi 

standpoint  of  zoology.     The  original  intentior 

was  to  comprise  Palaeozoology  in  one  volume,  I 

proceeded    it    extended    to    four    thick    volu 

completion  of  the  work  occupied  seventeen  y 

The  chapter  on  fossil  insects  was  contributed 

Throughout  the  entire  work  a  primary  objec 

ill  point  out  the  close  relationships  between  pal 

the  other  branches  of  biological  science  (Zoolc^ 

Anatomy,  Botany,  Embryology),  and  to  make 

palaeontology  of  th«odata  acquired  by  those  j 

subject-matter  is  therefore  arranged  in  strict  syst 
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systematic  account  of  each  larger  group  of  forms  is  followed 
by  a  brief  sketch  of  the  geological  distribution  and  the 
phylogeny  of  the  foregoing  forms.  Importance  is  given  to  the 
data  which  afford  evidence  of  the  genetic  connection  of  the 
members  of  individual  branches,  classes,  orders,  and  families ; 
but  the  representation  is  kept  free  from  bias  towards  one 
direction  of  thought  or  another.  Where  palaeontology  can 
bring  forward  no  evidences  in  favour  of  the  doctrine  of 
evolution,  or  where  considerable  gaps  occur  in  the  palaeonto- 
logical  sequence  and  seem  to  speak  rather  for  the  opposite 
views,  the  authors  have  consistently  endeavoured  to  set  forth 
the  actual  facts  with  full  impartiality. 

ZitteFs  Handbook  has  served  as  a  model  for  nearly  all  the 
more  recently  published  smaller  text-books,  such  as  those  of 
Hoernes  (1884),  Steinmann-Doderlein  (1890),  Bernard  (1895), 
Zittel  (1895),  and  Smith-Woodward  (1898). 

Two  works  of  very  great  interest  have  been  added  to 
geological  and  palaeontological  science  by  Neumayr.^  The 
one  is  his  Erdgeschichte^  and  is  full  of  original  and  suggestive 
conceptions ;  the  other  is  his  Stdmmen  des  Thierreichs^  whicli 
unfortunately  remained  unfinished.  The  published  portion, 
which  comprises  the  groups  of  the  Protozoa,  Ccelenterala, 
Echinodermata,  and  MoUuscoida,  introduces  many  new  points 
of  view,  and  will  have  a  permanent  value  both  for  palaeontology 
and  zoology. 

Probably  the  most  influential  disciple  and  exponent  of  the 
theory  of  descent  was  the  great  English  zoologist,  Thomas 
Huxley.  Cope  in  America,  Gaudry  in  France,  and  Haeckel 
in  Germany  are  zoologists  who  have  likewise  been  in  the  fore- 
front of  the  new  teaching. 

Huxley's  palaeontological  works,  like  those  of  Gaudry  and 
Cope,  are  mostly  devoted  to  the  vertebrate  animals,  and  are 
distinguished  by  his  remarkable  acuteness  of  observation  and 
his  genius  for  inductive  combination.     His  determination  of 

^  MelchiSr  Neumayr,  born  in  Munich  on  the  24th  October  1845,  the 
son  of  a  high  state  official,  studied  in  Munich  and  Heidelberg ;  after  he 
graduated,  he  entered  in  1868  the  Imperial  Geological  Survey  Department 
at  Vienna,  and  contributed  several  special  papers  on  the  geology  of  various 
areas  of  Hungary,  Transylvania,  and  North  Tyrol;  in  1872  became  a 
University  tutor  in  Heidelberg,  but  in  1873  was  called  to  Vienna  to  be 
Professor  of  Palaeontology,  a  chair  which  had  been  founded  especially  for 
him.  In  the  midst  of  his  labours,  he  died  on  the  29th  January  1890,  of 
heart  disease. 
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.  ^.....v.wi.v^ua    lu    iiie   genealogies   of   the   1 
I^.  D.  Cope,^  together  with  Herbert  Spencer, 
as  the  head  of  the  Neo-Lamarckian  School,  \ 
foothold  in  North  America.     In  oppositioi 
gradual  changes  in  the  organic  creation  are 
the  result  of  natural  selection,  but  chiefly 
influence  of  use  and  disuse  of  parts,  and  sJsi 
of  the  external  environment,  such  as  the  suppl 
climatic  conditions,  mechanical  agencies,  e 
principles  Cope  has  attempted  to  explain  thi 
gradual  evolution  and  modification  of  the  si 

'^--^  and  teeth  of  Vertebrates.     More  recent  work 

^  carried  out  in  accordance  with  Cope's  concept 

'1  .  a  certain  success. 

^''  Amidst  the  very  large  number  of  special  me 

I  which  treat  individual  sub-divisions  and  groups 

it  is  only  possible  here  to  single  out  those  whic 

J  \  marked  influence  upon  the  progress  of  S3rstemat 

or  on  the  phylogenetic  relations  of  fossil  fauna: 

'  Edward  Drinker  Cope,  l)om  1840  in  Philftdelphia, 
and  wealthy  family ;  as  a  boy  he  was  fond  of  travel,  an 
of  age  he  published  a  valuable  zoological  menMur  on  Ba 
conclusion  of  his  studies  in  Philadelphia,  he  made  a  jo 
1863  to  become  acquainted  with  the  European  mosc 
accepted  the  post  of  Professor  of  Comparative  Anat 
College,  but  he  resigned  il  in  1867.  From  1865  onu 
his  time  chiefly  to  the  study  of  fossil  Vertebrates,  and 
expense,  partly  as  a  menil>or  nf  th**  it«..j »  "'* 
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Profozoa,—Tht  fossil  remains  of  Protozoa  are  naturally  con- 
fined to  those  classes  or  orders  which  are  shell-producing 
during  life.  The  most  widely  distributed  fossil  representatives 
of  the  Protozoa  are  the  Foraminifera  or  Polythalamia  (Reti- 
cularia,  Carpenter),  which  enter  largely  into  the  composition 
of  many  marine  limestones,  and  whose  occurrence  has  been 
known  for  several  centuries  to  natural  historians.  The  earlier 
memoirs  of  Breyn  (1732),  Soldani  (1780),  Fichtel  and  Moll 
(1803),  Lamarck  (1804-7),  Denys  de  Montfort  (1808-10), 
wherein  a  considerable  number  of  these  small  forms  are 
described  and  figured,  were  followed  by  the  more  compre- 
hensive investigations  of  Alcide  d'Orbigny  (1824).  These 
for  the  first  time  made  the  attempt  to  introduce  a  systematic 
order  and  classification  into  this  group  of  testaceous  organisms, 
which  were  still  almost  universally  regarded  as  mollusca, 
belonging  to  the  group  of  cephalopods. 

D'Orbigny  distinguished  two  main  groups  among  the  Poly- 
thalamia, one  of  which  (Siphonifera)  contains  the  chambered 
shells  of  the  true  cephalopods,  while  the  other  (Foraminifera) 
embraces  the  shells  characterised  by  the  perforations  in  the 
dividing  walls  of  the  chambers.  The  P'oraminifera  are  then 
sub-divided  by  D'Orbigny  chiefly  according  to  the  external 
features  of  the  shell,  and  the  number  and  arrangement  of  the 
chambers. 

A  number  of  the  species  enumerated  in  the  Tableau  Mel/tod- 
ique  have  been  made  known  far  and  wide  by  enlarged  models, 
which  were  distributed  to  various  academies  in  1825  and  1826. 
D'Orbigny  also  contributed  a  monograph  on  the  fossil  Forami- 
nifera in  the  Tertiary  deposits  of  the  Vienna  basin. 

The  advance  effected  by  Ehrenberg's  microscopic  examina- 
tion of  thin  slices  of  Foraminifera  has  already  been  mentioned 
(p.  326).  But  although  so  accurate  an  observer,  Ehrenberg 
formed  fallacious  views  respecting  the  organisation  of  the 
group,  and  thought  the  Foraminifera  might  belong  to  the 
Bryozoa.  Dujardin  in  1835  contested  many  of  Ehrenberg's 
conclusions,  and  demonstrated  that  the  Foraminifera  belonged 
to  the  Rhizopoda.  Williamson,  Reuss,  and  especially  W.  B. 
Carpenter,  objected  to  the  previous  schemes  of  classification 
which  had  been  formulated  merely  upon  external  features  of 
the  skeleton  and  habits  of  growth.  The  investigations  of 
Williamson  on  the  fine  details  of  structure,  and  the  famous 
work  by  Carpenter  on  the  Microscopic  Structure  and  Classifica- 
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tion  cf  tJie  Foraminiftra,  completely  overlhrcw  the  older 
cUssiRcations  and  formed  the  basis  of  oor  present  tntiniaie 
knowledge  of  these  exquisile  little  shells. 

Carpenter  divided  the  Reticularia  into  two  sub-classes: 
Imperforata  and  Perforata,  and  sub-divided  each  of  these  sub- 
classes into  several  families  distinguished  according  to  the 
chemical  composition  and  microscopic  siluclure  of  tl«  tests. 
The  views  held  by  Carpenter  and  his  colUboraton,  Parker  and 
Jones,  regarding  the  confines  of  the  genera  and  i^Kcics, 
differed  very  considerably  fiom  Ihose  of  D'Orbigny,  as  ihe 
English  zoologists  often  comprised  under  the  same  genetic 
title  forms  very  different  in  their  external  appearance,  on  Ihe 
plea  that  they  were  connected  by  intermediate  types. 

Rettss  has  published  from  iSjg  onwards  a  hirge  number 
of  papers,  mostly  in  the  Transactions  of  the  Vienna  Academy, 
describing  individual  species  of  fossil  Foraminifera  from 
all  geological  formaiions.  The  notlcs  of  Parker  and  Jontrs, 
e\tending  from  the  year  1857,  foiifiw  the  same  direction 
of  Sfiecifll  resL-ari-h.  The  class ifu-at ions  of  SchwagiiT  and 
Krady  introduced  several  modifications  of  Carpenter's  scheme. 
Brady  pointed  out  that  the  sub-classes  Imperfotata  and  Per- 
forata could  not  be  so  sharply  defined  as  had  been  done  by 
Carpenter,  for  example  the  group  I.iiuolidea,  which  Carpenter 
liad  ranked  under  tlie  sub-class  Imperforata,  included  also 
certain  species  which  were  finely  perforate.  This  matter, 
along  with  other  systematic  difficulties,  has  been  more  recently 
discussed  by  Ray  Lankester,  in  his  descriptive  and  classifi- 
catory  account  of  the  Proto/o.t,  pulilished  in  the  Encyiiopadia 
liiiliinniat.  Brady's  Report  on  the  Foraniinifera  of  the  Chat- 
!enf:fr  li^Mpedition,  and  his  monograph  of  the  Foraminifera  in 
the  Carboniferous  Limestones  of  Grent  Britain,  arc  two  of  the 
finest  productions  in  this  domain  of  research. 

In  the  French  literature  of  the  Foraminifera,  the  excellent 
monoLjtaph  of  the  Nummiilitcs  by  D'Archiac  and  Haime  takes 
Ihe  higliest  i>lace.  Terejuem  and  Herthclin  even  at  the  present 
lime  are  wholly  disciples  of  D'Orbigny.  Meunier-Chalmas 
and  Schlumberger  have,  on  the  other  band,  placed  great 
significance  on  microscopic  researches  of  the  shell -architecture, 
and  have  made  many  interesting  observations  on  dimorphic 
forms  of  the  initial  chamber.  In  Italy,  Michclotti,  Segueii?.i, 
Silvcslri,  and  more  particularly  Fornasini,  have  described  the 
Foraminifera  present  in  the  younger  Tertiary  deposits. 
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In  addition  to  the  Foraminifera,  the  Radiolarians  with 
siliceous  or  chitinous  tests  represent  another  class  of  Protozoa 
which  come  under  consideration  in  paljeontological  researches. 
The  knowledge  of  the  Radiolaria  does  not  extend  so  far  back 
as  that  of  Foraminifera.  The  earliest  accounts  of  these  micro- 
scopically minute  organisms  were  given  by  Tilesius  (1806) 
and  by  Meyer  (1834);  but  Ehrenberg  was  the  first  investigator 
who  disclosed  the  wonderful  variety  and  beauty  of  their  sili- 
ceous skeletons.  In  a  series  of  special  monographs  and 
magazine  articles  extended  over  a  long  period  of  years  from 
1838  to  1875,  Ehrenberg  described  many  hundred  forms 
belonging  to  this  group,  which  he  had  called  Polycystina.  His 
material  had  been  collected  from  recent  oozes  on  the  ocean- 
floor,  and  from  the  Tertiary  marls  of  Sicily,  Zante,  Oran, 
North  America,  and  Barbadoes,  the  last-mentioned  locality 
alone  providing  278  species.  But  Ehrenberg  had  very  obscure 
notions  about  the  organisation  of  the  Polycystina. 

The  living  structure  and  the  systematic  position  of  this 
group  were  elucidated  by  Huxley  in  1851.  A  fuller  exposition 
of  the  zoological  aspects  was  given  in  1855  by  Johann  Miiller, 
who  suggested  the  term  of  Radiolaria  as  better  suited  for  the 
group  than  Ehrenberg's  name  of  Polycystina.  The  beautifully 
illustrated  monograph  of  the  Radiolaria  by  Ernst  Haeckel 
erected  a  complete  classificatory  system  for  the  Radiolaria, 
and  won  universal  admiration  for  the  artistic  representations  of 
the  infinite  diversity  in  the  skeletal  forms  produced  by  these 
simple  organisms. 

Haeckel's  works  are  chiefly  devoted  to  recent  Radiolaria, 
and  at  that  time,  in  1862,  science  was  only  cognisant  of  the 
occurrence  of  fossil  Radiolaria  in  the  Tertiary  deposits. 
Zittel,  in  1876,  described  some  older  forms  from  Upper  Cre- 
taceous strata,  and  between  1885  and  1892  D.  Riist  carried 
out  a  long  series  of  researches,  preparing  microscopic  sections 
of  siliceous  rocks  from  all  the  geological  formations ;  he  suc- 
ceeded in  demonstrating  the  presence  of  numerous  Radio- 
larian  species  from  the  Cambrian  or  oldest  Paljeozoic 
formation  onwards  to  the  present  age. 

Brief  mention  must  be  made  of  a  controversy  that  arose 
regarding  certain  structures  thought  to  represent  the  oldest 
known  animal  organism.  In  the  year  1858  MacCulloch  col- 
lected in  the  Laurentian  gneiss  of  Canada  curious  aggregates 
of    serpentine   and   calcite,   arranged    in    irregular    alternate 


not  an  organic  structure,  but  had  been  prod 
of  niineralogical  segregation.  The  controv 
many  years,  until  Moebius,  of  Kiel  Univers 
is  considered  by  most  geologists  a  decisiv 
of  the  inorganic  origin  of  the  Eozoon  sti 
contended  that  the  serpentine  matter  of  the 
had  been  infiltrated  into  the  calcite  along 
disposed  in  the  calcareous  rock  with  exceptic 

Sponges. — No  group  among  the  Invei 
scientific  treatment  so  long  as  the  fossil  s 
scarcely  surprising,  when  it  is  remembere 
were  still  in  doubt  in  the  early  part  of  the  ni 
whether  the  marine  sponges  belonged  to  i 
animal  kingdom.  The  pioneer  investigal 
Grant  (1825)  first  afforded  a  true  conception 
tion  of  these  creatures;  and  after  Grant, 
scientists — among  others,  Johnstone,  Bowerb 
— made  important  advances  towards  securing 
the  morphology  and  systematic  relations  of  th 

The  backward  state  of  zoolc^ical  knowledge 
made  it  almost  impossible  for  palaeontologists 
thing  more  than  a  description  and  illustrati 
sponges.  The  first  volume  (1826)  of  the  Peif 
of  Goldfuss  and  Miinster  included  seventy-fivi 
sponges,  which  the  authors  distributed  undf* 
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which  the  homy  fibres  had  been  changed  to  stone  by  means  of 
the  processes  of  petrefaction.  Similarly,-  the  works  of  Geinitz, 
Klipstein,  Pusch,  Reuss,  Quenstedt,  and  Roemer  increase 
the  knowledge  of  the  endless  diversity  of  form  presented  by 
sponges,  but  add  little  to  a  scientific  comprehension  of  their 
structure. 

A  notable  position  in  the  older  literature  of  sponges  is 
taken  by  the  two  short  memoirs  of  Toulmin  Smith  (1847-48), 
wherein  the  structure  of  the  Ventriculites  from  the  white  chalk 
is  fairly  accurately  represented.  Owing,  however,  to  the  fact 
that  the  nearest  allies  among  living  sponges,  the  Hexactinellids, 
were  unknown  at  the  time  of  his  investigations.  Smith  drew 
fallacious  inferences  regarding  the  nature  and  systematic 
position  of  these  fossils.     He  compared  them  with  Bryozoa. 

In  the  year  1851,  D'Orbigny  devised  a  badly-arranged 
scheme  of  classification  for  fossil  sponges,  upon  the  basis  solely 
of  external  features.  He  called  all  fossil  sponges  "  Petro- 
spongise,"  and  contrasted  them  with  recent  sponges,  ascribing 
to  fossil  sponges  an  originally  stony  skeleton  composed  of 
calcareous  fibres.  According  to  D'Orbigny,  the  petrospongiae 
form  a  curious  and  extinct  sub-division  of  the  sponges.  This 
erroneous  conception  of  D'Orbigny's  was  shared  by  Fromentel, 
but  the  latter  author,  in  difierentiating  genera  and  species,  made 
use  of  difierences  in  the  canal  system  and  in  the  kinds  of  pores 
and  openings  at  the  surface.  Friedrich  Roemer  followed 
FromentePs  method,  and  he  differentiated  between  sponges 
with  fenestrated  skeletal  structure  and  sponges  with  a  skeleton 
composed  of  "  worm-shaped  fibres."  Pomel  also  made  careful 
observations  of  the  skeletal  structures  so  far  as  those  could  be 
distinguished  with  the  naked  eye  or  by  the  aid  of  a  hand-lens. 

The  deep-sea  investigations  of  the  last  part  of  the  nineteenth 
century  initiated  a  new  era  in  the  investigation  of  sponges, 
recent  and  fossil.  Wyville  Thomson,  the  leader  of  the 
Challenger  Expedition,  was  the  first  to  point  out  the  similarity 
in  the  structures  of  fossil  ventriculites  and  living  silicispongiae. 
In  1870,  Oscar  Schmidt,  by  the  method  of  etching  Jurassic 
and  Cretaceous  specimens,  demonstrated  in  fossil  forms  the 
presence  of  certain  skeletal  structures  similar  to  those  of 
existing  hexactinellids  and  lithistids.  Nevertheless  the  fossil 
sponges  still  presented  an  apparently  distinct  and  well-defined 
group,  until  almost  simultaneously  Zittel  and  Sollas  resolved  to 
apply  NicoFs  method  and  prepare  thin   slices  of  iVv^  tosKvV 
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material  Tor  microscopic  examination.  In  1877,  Sollas  demon- 
strated, by  his  examination  of  several  genera  beion(;ing  to  the 
English  chalk,  the  identity  of  their  struclort;  with  that  of  living 
hexactinellids,  lithistids,  and  monactinelUd^.  Zittel,  iu  1S76, 
published  his  microscopic  investi;;ations  embracing  the  whule 
of  the  fossil  sponges,  together  with  a  monograph  of  the  genus 
Cceloptychium.  In  this  trork,  as  well  as  in  the  studies 
published  during  the  following  year,  it  was  fully  demonstrated 
that  all  fossil  sponges  could  be  included  in  the  scheme  of 
classification  erected  for  existing  sponges.  Ziltel  succeeded  in 
showing  that  a  Inrge  number  of  sponges  referred  to  the  Calci- 
spongiie  by  previous  authors  had  been  originally  arenaceous, 
but  the  sandy  material  had  been  dissolved,  and  in  its  place 
calcareous  substance  had  been  laid  down.  This  removed  the 
greatest  difficulty  in  the  study  of  fossi!  representatives  of  the 
SilicispongiiE.  Ziltel  also  demonstrated  the  true  calcareous 
structures  of  numerous  fossil  Calcispongue,  whose  existence 
had  been  called  in  question  by  E.  Haeckel  in  his  mon<^raph  of 
the  Calcispongia;  (1873),  and  in  spile  of  much  contradiction  at 
first,  Zittel's  evidence  ultimately  received  general  acceptance. 

The  application  of  the  microscopic  method,  which  had  been 
used  by  Zittcl  and  Sollas,  was  followed  in  almost  all  the  laier 
publications  on  fossil  sponges,  and  the  classificaiion  proposed 
by  Zittel  for  recent  and  fossil  sponges  was  confirmed  in  its 
main  features  and  further  improved  by  the  zoological  and 
anatomical  investigations  of  O.  Sclimidt,  F.  E.  Schul/e,  Carter, 
Vosniacr,  l.endcnfeld,  and  others. 

The  most  distinguished  students  of  fossil  sponges  at  the 
present  day  are  C  J.  Hiiide  and  Hermann  Rauff.  The  former 
has  published  a  monograph  of  the  fossil  sponges  (1884)  in  the 
Natural  History  Collection  of  the  British  Museum,  and  is  .it 
present  engaged  on  a  monograph  of  the  fossil  forms  of  Great 
ISritain,  parts  of  which  have  appeared  since  1887  in  the 
publications  of  the  I'alasontographical  Society.  Hauff  iias 
produced  in  his  I'alirtis/'(»r^iolo_^-  (1893)  an  exeniplary  repre- 
sentation of  all  the  palaeozoic  forms  of  sponges. 

CivknkraUi. — Up  to  the  ye.ir  18^5  there  was  great  in- 
security about  the  organisation  of  the  organisms  at  present 
comprised  under  the  group  of  the  Cielentera.  The  schemes  of 
classification  attempted  by  1-amouroux,  Esper,  I^imarck,  and 
Others   arc  full  of  errors ;    the  researches  of   Ehrenberg  and 
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Milne-Edwards  first  revealed  the  anatomical  structure  of 
zoophyte  organisms,  and  made  it  possible  to  differentiate  them 
from  a  number  of  other  forms  with  which  they  had  been 
erroneously  included  in  previous  classificatory  systems. 
Ehrenberg  based  his  classification  of  coral  zoophytes  exclu- 
sively on  the  characters  of  recent  corals,  more  especially  on  his 
examination  of  the  Red  Sea  corals.  The  number  of  tentacles 
was,  in  his  opinion,  the  leading  feature  of  distinction;  according 
to  it  he  erected  the  main  sub-divisions  of  his  classification. 

Fossil  corals  were  described  and  figured  in  most  of  the 
larger  palaeontological  works  that  appeared  during  the  first 
half  of  the  nineteenth  century.  The  illustrative  plates  of 
Goldfuss  (1826),  Michelin  (1841-47),  Lonsdale  and  MacCoy 
display  a  large  number  of  fossil  species,  but  notwithstanding 
the  advances  that  were  being  made  in  the  knowledge  of  living 
corals,  the  systematic  treatment  of  fossil  corals  in  these  works 
is  as  crude  and  antiquated  as  in  the  much  earlier  works  of 
Guettard,  Parkinson,  and  Schlotheim.  The  profound  and 
exhaustive  works  of  Milne-Edwards  ^  and  Haime  revolutionised 
the  study  of  corals.  These  scientists  made  a  thorough  investi- 
gation of  the  organisation  of  living  polyps,  and  from  that 
proceeded  to  examine  group  after  group  of  the  fossil  corals, 
directing  attention  equally  to  the  evidences  afforded  by  the 
skeleton  regarding  the  original  form  and  structure  of  the  fossil 
polyps,  and  to  the  phylogenetic  indications  given  by  the 
occurrence  and  distribution  of  the  fossil  faunas  in  the  strati- 
graphical  succession.  The  penetrating  critical  instinct  and 
unbiassed  judgment  of  the  authors  produced  a  work  which  is 
recognised  to  be  one  of  the  most  skilful  that  has  ever  appeared 
in  scientific  literature.  The  classificatory  system  of  Milne- 
Edwards  and  Haime  is  based  upon  the  character  of  the  septa 
and  the  mode  of  their  increase  in  number,  and  with  a  few 
modifications,  the  system  has  remained  until  the  present  day. 

I^ter  works  on  fossil  corals  for  the  most  part  dealt  with 
the  coral  faunas  of  particular  localities  or  of  a  particular 
stratigraphical  horizon.  Of  special  value  are  the  monographs 
of    Reuss,    Fromentel,    De    Koninck,    Koby,    Hall,    Becker, 

^  Henri  Milne- Ed  wards,  born  1800  in  Bruges,  studied  medicine  in 
Paris,  and  was  at  first  the  Professor  of  Natural  History  in  the  College 
Henri  IV.,  then  in  1841  at  the  Museum.  In  the  year  1862  he  was 
appointed  Professor  of  Zoology,  and  two  years  later  Director  of  the 
Museum;  died  1885  in  Paris. 
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c^u/iuic  group  of  the  Ku 
with  the  order  of  intussusce[)tion  of  the  sept 
corals;  and  he  showed  how  with  this  difieren 
the  bilateral  symmetry  of  the  Rugose  corals 
and  the  radial  symmetry  of  the  younger  c 
publication  of  Kunth's  memoir,  the  Rugose  c 
under  the   synonyms  of  "  Tetracorallia "  or 
were  treated  as  an  independent  group  in  the 
corals,  distinct  from  the  younger  group  of  **  I 
which  Milne-Edwards'  and  Haime's  observatioi 
Kunth's  work  gave  a  new  impulse  to  the  stud 
^^  gfoup  of  Palaeozoic  corals,  and  was  followed 

special   memoirs,    those   of    Dybowski,   Nich 
Lindstrom,  and  Freeh,  among  many  others. 

In  1872,  Lacaze-Duthiers  made  known  his  v 
logical  investigations,  which  necessitated  a  new 
laws  of  septal  symmetry  enunciated  by  Miln 
Haime.  The  discoveries  made  by  L.  Agassi 
regarding  the  zoological  relationship  of  Millep 
pora  entirely  overthrew  the  group  of  Tabulata 
defined  in  the  system  of  Milne-Eklwards  and 
Dybowski,  Roemer,  Nicholson,  and  other  lea< 
on  Palaeozoic  corals  then  endeavoured  by  the 
investigations  of  the  growth-relations,  the  or 
finer  structure,  to  explain  the  remarkable  di\ 
comprised  in  this  group. 

The  microscopic  st^nr^"»••-  -^  *' 
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fossil  corals  has  been  contributed  by  Maria  M.  Ogilvie  (1896). 
Upon  the  basis  of  her  comparative  microscopic  researches,  the 
authoress  suggested  certain  classificatory  reforms  which  appear 
to  weaken  very  materially  the  strong  distinctions  previously 
drawn  between  the  Tetracorallia  and  Hexacorallia,  as  well  as 
between  the  Hexacorallian  sub-divisions  of  Aporosa  and  Per- 
forata. The  special  examination  of  a  large  number  of  inter- 
mediate forms  among  Jurassic  corals  also  enabled  her  to  bring 
forward  many  evidences  of  the  phylogenetic  relationship  of 
Tetracorallian  and  Hexacorallian  types. 

After  Moseley  (1877)  had  published  his  treatise  on  Millepora, 
and  in  the  same  year  J.  Carter  had  pointed  out  the  close 
relationship  of  Hydraciiniay  Farkeria,  and  Stromatopora^  a 
number  of  organisms  which  had  been  consigned  variously  to 
the  Bryozoa,  and  sometimes  to  the  group  of  Foraminifera,  were 
recognised  as  Hydrozoa.  Steinmann  (1878)  and  Canavari 
(1893)  described  new  fossil  genera  from  Jurassic  and  Cretaceous 
deposits,  Bargatzki  (1881)  described  the  Stromatoporoids  in 
the  Devonian  series  in  the  Rhineland,  and  Nicholson  (1886-92) 
published  a  monograph  of  all  known  Stromatoporoids.  The 
GraptoliteSy  an  extinct  group  of  Hydrozoa  confined  to  the 
oldest  fossiliferous  deposits  (Silurian  and  Cambrian),  have 
been  the  subject  of  very  careful  palaeontological  investigations. 
They  were  taken  for  Cephalopods  by  Wahlenberg  and.Schlo- 
theini,  and  for  Foraminifera  by  Quenstedt,  while  others  placed 
them  amongst  Alcyonarians.  Portlock  (1843)  was  the  first  to 
recognise  their  resemblance  to  the  Sertularians.  Barrande 
published  (1850)  the  earliest  detailed  account  of  the  Bohemian 
Graptolites,  but  still  compared  them  with  the  Pennatulids. 
The  works  of  Suess,  Scharenberg,  Geinitz,  and  Richter 
extended  the  knowledge  of  Graptolites  only  in  a  moderate 
degree;  on  the  other  hand,  an  excellent  monograph  of  the 
Graptolites  occurring  in  the  "  Quebec  Series "  of  rocks  was 
contributed  by  J.  Hall  in  1865,  adding  a  number  of  new, 
well-preserved  species  to  the  group,  and  affording  much  im- 
portant information  regarding  the  organisation  and  zoological 
position  of  Graptolites. 

In  the  year  1872  Nicholson  gave  an  admirable  survey  of 
all  the  facts  known  about  Graptolites,  and  in  1873  ^^  ^^st 
communications  appeared  by  Lapworth.  The  researches  of 
this  acute  observer  were  continued  until  1882,  and  revealed 
many  new  and  important  data  respecting  the  structure,  the 
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impressions  found  in  the  lithographic  shales 
Jura  Chain  have  been  carefully  described  I 
Haeckel  (1865-70),  and  Ammon  (1883). 
assigned  to  the  Medusas  certain  casts  in  th 
stone  of  Sweden,  and  quite  recently  (1898)  ' 
a  large  number  of  cast  structures  in  the  C 
of  North  America  as  of  Medusa  origin. 

Echinod(rms. — In  the  eighteenth  century  K 
for  the  sea-urchins  the  class  name  of  Echina 
united  under   the  same   class  the   Ophiurid 
the  Holothuridea  or  sea-slugs,  and   the  En 
however,  recognising  the  Encrinites  as  a  sepai 
In  1821,  J.  S.  Miller,  a  native  of  Dantzig  alth 
Dublin,  published  an  excellent  monograph  < 
Sea-lilics  or  Encrinites  then  known,  and  coml 
an    independent    sub-division    or    order    wh 
Cpinoidta,     In  1828,  Fleming  erected  the  ord 
for  the  Pentremites  which  had  been  discoverec 
in  the  North  American  Carboniferous  Limestc 
Buch   erected   the   order   of   Cystidea  for  a 
Crinoids  then  very  little  known.     Thus   the 
chief  orders  of  the  Echinodcrmata  were  defini 
and  at  the  suggestion  of  Leuckart  in  1848  tl 
dermala,   which    had   hitherto  been  treated  s 
closely  allied    with    th*'  rvoi/--*     -• 
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The  systematic  study  and  morphology  of  the  Pelmatozoa 
was  greatly  advanced  by  J.  S.  Miller's  Monograph  of  the 
Crinoidea^  which  masterly  work  constructed  a  secure  basis  for 
all  future  inquiry  into  the  morphology  of  the  group.  Miller 
made  application  of  the  architectural  arrangement  of  the  plates 
in  the  calyx  as  a  basis  of  classification,  and  recent  researches 
have  frequently  found  it  advantageous  to  revive  leading  features 
in  Miller^s  classification. 

Goldfuss  and  Miinster  added  a  number  of  new  specific 
descriptions  to  the  knowledge  of  Crinoidea,  but  made  no 
attempt  to  elucidate  the  structural  relations.  Three  important 
memoirs  were  contributed  by  the  anatomist,  Johann  Miiller,  on 
the  structure  of  Pentacrinus  (1841),  on  Comatula  (1847),  and 
on  the  structure  of  Echinoderms  generally  (1853).  These 
memoirs  were  published  in  the  Transactions  of  the  Berlin 
Academy,  and  for  several  decades  formed  the  groundwork  of 
further  zoological  investigations  in  this  group.  Miiller  included 
the  study  of  fossil  forms  in  his  researches,  and  he  sub  divided 
the  known  Crinoidea  into  three  sub-orders — Tesselata,  Arti- 
culata,  and  Costata. 

Almost  simultaneously  with  Miiller's  works  there  appeared 
in  England  a  monograph  of  fossil  and  recent  Crinoids  by  the 
two  Austins  (1843).  ^^^  i"  ^^\\&  of  many  new  and  valuable 
observations,  this  work  was  unsuccessful,  on  account  of  its  sub- 
division of  Crinoids  into  stalked  and  unstalked  groups.  This 
sub-division  was  regarded  as  quite  artificial,  seeing  that  the 
gifted  zoologist,  Vaughan  Thomson,  had  in  1836  demonstrated 
the  development  of  the  genus  Comatula  from  a  larval  stage 
resembling  a  stalked  Pentacrinus. 

The  anatomical  structure  of  the  living  Pentacrinus  was 
described  by  Liitken  (1864),  and  that  of  the  Comatulids  was 
elucidated  by  the  researches  of  Wyville  Thomson  (1865)  and 
W.  B.  Carpenter  (1866).  The  deep  sea  explorations  off  the 
coast  of  Norway  led  to  the  discovery  of  Rhizocrinus,  and  the 
detailed  investigation  of  this  interesting  genus,  carried  out  by 
Sars  (1868)  and  Ludwig  (1877),  met  with  a  cordial  reception 
in  palaeontological  circles. 

Numerous  monographs  and  shorter  papers  on  Palaeozoic 
Crinoidea  were  meanwhile  being  published ;  among  the  more 
voluminous  writers  on  this  subject  were  De  Koninck  and  Le 
Hon  (1854),  Hall  (1847-72),  Roemer  (i860),  Ludwig  Schulze 
(1866),    Meek   and   Worthen   (1866-75);    Mesozoic    Echino- 
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Lipciucr  are  ttieretore  of  very  hig 
tions  based  upon  an  equal  familiarity  wi 
forms,  and  indicating  the  high-water  mark 

,  and  zoological  researches  at  the  time.     Sti 

of  research  have  also  been  adopted  in  a 
works.  Two  American  scientists,  Wachsi 
have  added  very  considerably  to  the  kno 
dermata,  Wachsmuth's  works  extending  tl 
twenty  years,  1877-97;  P.  de  Loriol  has 
study  of  Mesozoic  forms ;  in  England,  F.  i 
tributed  several  memoirs  on  English  and 

■*  •  (1890-93);  in  Germany,  O.  Jaekel  has  acc( 

new  work  on  Palaeozoic  Crinoids. 

*  The  knowledge  of  the  extinct  order  of  the 

by  Buch,  was  advanced  by  the  researches 
on  representatives  of  the  group  from  Ru 
Edward  Forbes^  (1848)  on  British  forms,  j 
of  Hall  and  Billings  on  North  American  C 
Waagen  edited  a  posthumous  monograph  * 
Cystoids  by  Barrande.  The  systematic 
zoological  position  of  the  Cystoids  have  I 
recent  years  by  Haeckel  and  Jaekel,  but  th 

^  researches  are  much  at  variance. 

:  The  small  group  of  the  Blastoids^  discoven 

first  underwent  scientific  examination  at  the  h< 
Roemer  (1852).     Subsequent  work  has  ext 
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ledge  of  the  specific  forms,  but  could  not  add  much  to 
Roemer's  fundamental  observations  and  influences.  The  illus- 
trated catalogue  of  the  British  Museum  contains  an  attractive 
account  of  the  present  knowledge  about  Blastoids,  written  by 
Robert  Etheridge  and  Herbert  Carpenter. 

The  Sea-stars  (Ophiuridea  and  Asteridea)  offer  far  less 
diversity  of  form  than  the  Pelmatozoa.  If  we  except  a  few 
genera  and  species  mentioned  or  figured  by  Goldfuss,  Hage- 
now,  Mantell,  Dixon,  and  others,  the  first  scientific  monographs 
on  fossil  Asteridea  were  those  contributed  by  Edward  Forbes 
on  material  derived  from  Cretaceous  and  Tertiary  formations 
of  Great  Britain.  Wright  afterwards  described  all  the  Meso- 
zoic  Asteridea,  and  Salter  the  Palaeozoic  forms  of  Great  Britain. 
Miiller  (1855)  and  Roemer  laid  the  foundation  of  the  know- 
ledge of  Asteroid  types  in  the  Devonian  formation  of  the 
Rhine  Provinces;  the  Jurassic  Ophiuroids  and  Asteroids  of 
Germany  have  been  investigated  by  Pohlig,  Fraas,  and  Georg 
G.  Bohm.  J.  Hall  made  known  the  representatives  of  this  group 
in  the  Palaeozoic  formations  of  North  America.  The  palaeonto- 
logical  literature  in  all  cases  closely  harmonises  with  the  zoo- 
logical, and  it  would  seem  that  the  Palaeozoic  ** sea-stars" 
differed  very  little  from  those  in  the  seas  of  the  present  age. 

Fossil  Echinids  were  already  known  in  the  beginning  of  the 
eighteenth  century,  and  .received  full  attention  in  the  oldest 
systematic  works  by  Breyn  (1732)  and  Klein  (1734).  A 
number  of  new  species  are  described  in  the  chief  work  of 
Goldfuss,  in  Desmoulin's  Studies  (1834-37),  and  in  Sismonda's 
monographs  on  the  fossil  Echinidea  of  Piedmont  and  Nizza. 
But  the  strictly  scientific  literature  began  with  the  researches 
of  L.  Agassiz  (1838-41)  on  living  and  fossil  sea-urchins,  along 
with  which  appeared  the  monograph  by  Agassiz  and  Desor^  on 
the  fossil  Echinidea  of  Switzerland.  Valentin's  well-known 
observations  on  the  anatomy  and  histology  of  the  genus 
Echinus  was  contemporaneous  with  the  important  works  of 
Agassiz  and  Desor. 

^  Eduard  Desor,  born  i8ti  in  Friedrichsdorf,  near  Frankfort-on- Maine, 
for  a  long  lime  collaborated  with  Agassiz  in  palneontological  and  glacial 
studies,  and  followed  Agassiz  to  America,  but  in  consequence  of  some  dis- 
agreement between  the  friends,  Desor  returned  to  Ncuchatel  and  became 
the  Professor  of  Geology  in  the  Neucliatel  Academy.  Inheriting  consider- 
able means  from  a  brother,  he  retired  to  Combe  Varin,  in  Val  Travers, 
and  devoted  himself  to  geological  and  pre-historic  studies;  died  on  23rd 
February  1882,  in  Nizza. 


...^  1  rcnch  Cretaceous  formation  and  \\ 
t rated  monographs  of  the  Jurassic  and 
in    Britain.       After    the   deaths    of   Fo 
Wright,  Cotteau^   was  for  a  whole  de< 
contributor  to  this  field  of  research. 
Franfaise^  and  in  numerous  other  works 
Cotteau  advanced  the  knowledge  of  the 
degree  unrivalled  by  any  other  observer 
his  writings  are  distinguished  by  extreme 
ness  of  observation.      As  regards  the  s 
Cotteau  adopts  in  great  measure  the  class 
supplied  by  Desor  and  Wright     A  large  n 
logists  have  taken  up  the  study  of  £chini< 
and  the  majority  follow  the  lines  of  D 
Cotteau's  results. 

The  observations  on  remains  of  fossil 
comparatively  few.  They  are  confiaed  to 
isolated  parts  of  the  dermal  skeleton,  sue 
spiculie  of  certain  species  of  Chirodota  d 
from  the  British  Jurassic  deposits,  and  sev 
similar  character,  which  have  been  descrilx 
Schwager,  Etheridge,  and  others,  occurring 
geological  ages. 

Worms, — The  soft  perishable  character  of 
renders  them  unsuitable  for  tho  d^- 
and 
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forward  little  of  any  scientific  value  in  elucidation  of  the 
phylogeny  of  this  diversified  group  of  forms.  Fossil  Annelid 
types  have  been  frequently  identified  and  described,  and  there 
are  impressions  or  cavities  of  problematical  origin  which  occur 
widely  distributed  in  certain  Palaeozoic  deposits,  chiefly  in 
Cambrian  strata  and  in  the  Flysch  (Cretaceous-Oligocene) 
deposits  of  the  Alps,  which  have  been  explained  by  many 
authors  as  the  paths  of  worms.  Nathorst,  however,  is  of 
opinion  that  these  cannot  be  identified  with  any  certainty, 
but  may  with  equal  right  be  regarded  as  traces  of  Crustacea, 
Mollusca,  Annelids,  or  other  organisms.  More  reliable  evi- 
dences of  fossil  Annelids  are  supplied  by  the  occurrence  of 
fossil  Eunicites  in  the  Tertiary  deposits  at  Monle  Bolca  and 
in  the  lithographic  shales  of  Solenhofen.  These  fossil  Nereids 
are  fully  described  in  the  works  of  Massalonga  and  Ehlers. 
G.  J.  Hinde  has  described  numerous  jaw  parts  of  Annelids 
from  Palaeozoic  formations;  Hinde  points  out  that,  as  Zittel 
and  Rohon  had  shown,  these  Annelid  remains  are  partly 
identical  with  the  Conodonts  which  were  regarded  by  Charles 
Pander  as  fish-teeth. 

Molluscoidea, — In  1830  Vaughan  Thomson  discerned  the 
colonial  habit  of  certain  small  marine  organisms  which  by 
repeated  budding  gave  origin  to  the  growths  popularly  termed 
Sea-mats  or  Sea-moss.  Thomson  proposed  the  name  of 
Polyzoa  for  the  group  and  compared  it  with  acephalous  Mol- 
lusca. Ehrenberg  in  1834  substituted  the  name  of  Bryozoa 
for  the  same  group.  Much  later,  in  1850,  Milne-Edwards 
united  the  Bryozoa,  Brachiopoda,  and  Tunicata  as  one  group 
under  the  name  of  Molluscoidea,  and  assigned  to  it  a  rank 
equal  with  that  of  the  group  of  Mollusca.  Since  then  the 
Tunicates  have  been  recognised  as  an  aberrant  branch  of 
Vertebrates,  but  further  researches  have  only  corroborated 
the  probable  consanguinity  of  Bryozoa  and  the  Brachiopoda, 
while  also  removing  these  allies  from  their  supposed  connec- 
tion with  the  group  Mollusca.  Fossil  Bryozoa  were  described 
by  Lamouroux,  Goldfuss,  Lonsdale,  and  Michelin.  In  1850 
D'Orbigny,  in  reviewing  the  group,  tried  to  separate  the  fossil 
and  living  forms  and  to  make  a  systematic  sub-division  accord- 
ingly into  two  orders  (Bryozoaires  cellulines  et  centrifugines). 
D'Orbigny's  classification  is  quite  artificial;  features  of  sub- 
ordinate significance  are  applied  as  the  basis  of  genera  and 


Busk    passed    from    a    careful   anator 
Bryozoa    to     the     study    of    fossil    fori 
publication    of    a    monograph    describi, 
Polyzoa  in  the  English  crag.     In  this  ni( 
)-  unfortunately  never  completed,  Busk  su 

i .  possessing  calcareous  cells  into  two  or 

1 H  and  Cyclostomata),  these  two  orders  air 

y  the  two  chief  orders  in  D'Orbigny's  syst 

posed  considerable  modifications  for  the 
For  the  differentiation  of  families  and  gei 
first  instance  the  form  and  arrangement  of 
colony,  in  the  next  instance  the  character 
individual  zocecium  or  celL 

Great  progress  has  been  made  by  zoologis 
I  of  the  internal  structure  of  the  polypides, 

forms  of  colonial  growth.  Van  Benede 
and  Hincks  have  taken  a  pre-eminent  par 
researches,  and  the  whole  group  has  been  i 
by  Ray  Lankester  in  the  Encychpadia  Bn 
and  Reuss  have  contributed  largely  to  the  kn 
and  Mesozoic  Bryozoa,  while  Lonsdale,  M2 
£.  D.  Ulrich  have  added  much  valuable 
'  Palaeozoic  types. 

The  Palaeozoic  Chaetetidae  and  Monticul 
made  the  subject  of  a  voluminous  literal 
most    eminent    writers.    \f'"'--  ^  ' 
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Terebratulina  was,  however,  first  made  known  by  Griindler  in 
1774.  Cuvier  in  1805,  and  Dumeril  in  1809,  proposed  the 
name  "  Brachiopoda "  for  the  class.  Lamarck  distinguished 
(18 18)  only  three  Brachiopod  genera  (Orbicula,  Terebratula, 
and  Lingula),  and  erroneously  transferred  Discina,  Calceola, 
and  Crania  to  the  Lamellibranch  family  of  the  Hippurites  or 
Rudistes.  Blainville,  in  the  Manuel  de  Malacologie  (1824), 
substituted  for  the  Cuvierian  name  that  of  Palliobranchiata, 
and  united  under  this  name  not  only  the  then  known 
Brachiopods,  but  also  the  Rudistes  and  some  fossil  Lamelli- 
branchs,  e.g,  Plagiostoma  and  Podopsis. 

In  1834  Leopold  von  Buch  published  a  memoir  On  Tere- 
bratulas^  which  had  a  powerful  influence.  He  drew  attention 
to  many  peculiarities  of  these  shells  which  had  previously  been 
little  noticed,  and  he  designed  a  system  of  classification  based 
mainly  upon  the  characteristics  of  the  hinge  region.  This 
memoir  was  followed  during  the  next  decade  by  a  number 
of  contributions,  pre-eminently  stratigraphical  in  tendency,  by 
J.  Phillips,  Verneuil,  D'Orbigny,  Barrande,  and  others.  The 
anatomy  of  the  Brachiopods  was  made  the  subject  of  investi- 
gations by  Cuvier,  Owen  (1835),  King,  Hancock  (1858);  the 
finer  structure  and  the  internal  architecture  of  the  shells 
was  examined  by  Carpenter  (1844),  King  (1846),  and 
Gratiolet 

King  in  1846  drew  up  a  new  scheme  of  classification,  using 
as  the  chief  features  of  distinction  the  character  of  the  brachial 
or  labial  appendages,  the  muscular  impressions  on  the  inner 
surfaces  of  the  valves,  the  septum,  and  other  internal  structures. 
In  the  monograph  of  the  Permian  fossils  (1849-50)  King  com- 
pleted his  system  and  sub-divided  the  Brachiopods  into  three 
orders,  sixteen  families,  and  forty-nine  genera.  Thomas 
Davidson  1  simplified  and  improved  King's  classification,  but 
adhered  to  most  of  the  fundamental  principles  enunciated 
by  his  predecessors.     The  first  volume  (1851)  of  Davidson's 

*  Thomas  Davidson,  born  18 17  at  Moir  House  in  Midlothian,  Scotland, 
passed  his  youth  for  the  most  part  on  the  Continent,  and  divided  his  interest 
between  art  and  science.  He  worked  in  Paris  in  the. atelier  of  Horace 
Vernet  and  Delaroche,  and  attended  the  lectures  of  Elie  de  Beaumont, 
Milne-Edwards,  and  other  professors.  In  Edinburgh  he  studied  natural 
sciences,  and  when  in  Rome  on  one  occasion  it  was  suggested  to  him  by 
Leopold  von  Buch  to  make  a  special  study  of  fossil  Brachiopods,  and  that 
became  his  great  life*s  work.  He  took  up  his  residence  in  Brighton,  and 
died  there  on  the  14th  October  1885. 
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riirec  sup[)lementary  volumes  were  addc 
18S5,  and  fuially  Davidson  contributed  ri 
l>rachiopods  and  an  exhaustive  bibliograpl 
Davidson's  work  brought  the  knowledge  c 
'  'f,  to  a  higher  standpoint  of  excellence  than  \ 

^  |!..  the  palaeontological  knowledge  of  any  oth 

I H  brates.     His  classificatory  system  has  conti 

s '  of  all  subsequent  research. 

At  the  present  day  the  number  of  palseo 
graphers  who  interest  themselves  in  fossil 
large  that  it  is  quite  impossible  to  attem 
the  more  recent  widely-scattered  literature 
indicate  the  leading  tendency  in  the  new< 
Davidson  in  his  systematic  treatment  allowe 
extent  of  variability  in  his  definitions  of  gen< 
new  direction  of  research  guided  by  Hall, 
North    America,   and    by   Waagen    and    I 
tries  to  restrict  generic  and  specific  defi 
narrowest  possible  limits,  in  order  to  enh 
fossil   Brachiopods  for  the  characterisation 
horizons.    A  systematic  review  of  all  known 
an  introductory  chapter  in  the  comprehenj 
Palaeozoic    types   which    has    been    publisi 
Clarke.     The  number  of  genera  has  been 
and  in  many  cases  species  have  been  elev 
genera.     A  new  classification  was  nro»^'^<^"''  • 
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soft  parts  of  living  molluscs,  as  well  as  the  foundation  of  a 
natural  system  of  classification,  has  been  reserved  for  zoology. 
Pal?eontology  has  in  all  cases  followed  the  results  obtained  by 
the  sister  science,  since  the  group  offers  considerable  facilities 
for  anatomical  studies,  and  there  was  much  more  hope  to 
arrive  by  such  means  at  a  true  comprehension  of  this  complex 
and  diversiform  group.  Lamarck,  in  his  Natural  History  of 
Invertebrates  (1816-23),  created  the  modern  basis  of  Con- 
chology,  and  his  proposed  system  of  the  Mollusca  was  supple- 
mented and  partially  improved  by  Paul  Deshayes  in  a  new 
edition  of  Lamarck's  work,  and  in  an  independent  text-book 
(1839-59),  which  was  unfortunately  left  incomplete.  The 
chief  works  of  the  latter  half  of  the  nineteenth  century  which 
supply  a  general  account  of  living  and  fossil  molluscs  are 
those  of  S.  P.  Woodward  (1851-54),  R.  A.  Philippi  (1853), 
J.  C  Chenu  (1859),  W.  Keferstein  (1862-66),  P.  Fischer 
( 1 889),  and  E.  Ray  Lankester  (Encyclopcedia  Britannica), 

The  palseontological  literature  on  fossil  mollusca  is  exceed- 
ingly voluminous.  Several  paloeontological  monographs  are 
devoted  to  the  detailed  description  of  molluscan  faunas 
characteristic  of  definite  formations,  but  still  more  fre- 
quently the  molluscan  forms  are  treated  together  with  other 
groups  of  the  animal  and  plant  kingdom  in  works  of  a 
pronounced  stratigraphical  tendency.  Thus  it  is  extremely 
difficult  to  extract  from  the  scattered  memoirs  in  Journals 
and  Transactions  an  accurate  historical  representation  of  the 
advance  of  palaeontological  research.  The  authors  who  have 
contributed  most  to  our  knowledge  of  Palaeozoic  Mollusca 
are  Phillips,  MacCoy,  Salter,  Hall,  Billings,  Whitfield,  Seebach, 
Barrande,  Freeh,  Waagen,  King ;  Triassic  Mollusca  have  been 
made  the  subject  of  careful  researches  by  Laube,  Bittner, 
Von  Wohrmann ;  Jurassic  Mollusca  have  been  described  by 
Klipstein,  Loriol,  Seebach,  Zittel,  Bohm,  and  others;  Cre- 
taceous Mollusca  by  D'Orbigny,  Reuss,  Pictet,  Renevier, 
Stoliczka,  Miiller,  White ;  Tertiary  Mollusca  by  Philippi, 
Deshayes,  Beyrich,  Koenen,  Wood,  Hoernes,  Sacco,  Morton, 
White. 

The  systematic  questions  have  been  discussed  in  detail  in 
the  works  of  Deshayes,  D'Orbigny,  Pictet,  and  Stoliczka.  A 
special  monograph  of  Terrestrial  and  Fresh-ivater  Conchy lia^  by 
Sandberger,  affords  an  interesting  survey  of  the  phylogenetic 
history  of  these  forms  in  the  course  of  the  geological  ^ervod^. 
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liidividual  classes,  orders,  or  raniiiies  liave  sometimes  been 
niadi-  the  subject  of  special  study.  A  notahle  monograph  it 
that  by  Cotjuand  on  the  Ostreacea  of  the  Cretaceous  forma- 
tion (1869),  and  several  monographs  have  been  devoted  to 
the  consideration  of  the  Cretaceous  family  of  the  Rudistcs. 
Neumayr  in  1891  proposed  »  classification  of  the  Lamclli- 
branchia  based  upon  the  characters  of  the  hinge,  and  Jaclt»on 
and  Bernard  endeavoured  to  make  the  developmental  liistorf 
of  shells  and  hinge  useful  for  systematic  distinctions. 

The  literature  on  fossil  Cephalopods  is  almost  too  extensive 
to  be  reviewed.  As  far  back  as  1798,  Ciivier  had  united  all 
the  Cuttle-fishes,  together  with  Nautilus  and  the  t'oraaiimfeis 
in  one  group,  which  he  named  Ctphahp«da,  and  ranked  as  a 
distinct  class  clearly  differentiated  from  all  other  molluscs. 

The  anatomy  and  morphology  of  cuttlefishes  was  carefully 
studied  by  Cuvier  and  Delia  Chbje,  and  the  brilliant  ana- 
tomical researches  of  Owen  (1832)  on  the  Pearly  Nautilus 
afterwards  gave  a  clear  insight  into  the  relationships  of  the 
Cephalopodri.  OiVL'n  stibdiiidL^d  tlic  ( V[ili.iloj)(»cia  into  two 
oidtrs,  tliu  TclrahanMala  with  two  pairs  of  ctonidial  yJIN. 
and  the  nih-anchinla  wiili  :i  siiif;li;  pair  of  .icnidial  gills.  'J\> 
the  Tclraliranclis,  Owen  as^igriccl,  in  .addition  to  Nautill]^  and 
the  fossil  NaiitilitL-s,  the  larL:e  assemblage  of  the  Amnionilts, 
l-nmarck  in  iSoi  li.id  diiferentialed  the  genera  NautiUi-. 
Orbuliies,  Ammonites,  I'lanuliles,  and  Haciilites,  and  had 
pointed  out  the  difrerence  between  the  sutural  lines  of  the 
chamber  divisions  in  Nnvililus  and  Ammonites.  Denys  dc 
Monlfort  (iSoS).  Sowerliv,  and  I'arkiiison  added  a  few  more 
Cephalopod  genera,  and  De  H.aan  in  1825  classified  the 
known  genera  uiider  three  families  (Ammoniiea,  Coniatilcs, 
and  Nautilea). 

Marked  advance  was  effected  by  the  invisiigaiions  of 
Leopold  von  Buch  (18=9  and  iS;,c)).  According  to  the 
|)-)silion  of  the  siplunu.le,  Huch  dislinyiiished  two  thief  groups 
Nanlilid.-e  and  .'Vninionriida-,  and  subdivided  the  latter  accord- 
ing to  the  form  of  the  .suiiiral  line  into  the  three  sections 
Goniaiites  Ceraiitcs,  and  Aiiiniuiiites.  Ilucli  iiilT-odiirvd  a 
preiisc  tetminolo.;y  for  llie  vaiioiis  jiarts  of  the  siuural 
lobes;  ho  distingniihed  fourteen  ranillioh,  parllv  in  accordance 
with  the  shape   and   deroration   of  IJic  shell,  i>':utly  in   arenrd- 

c-wilraslcd    by    llueh    with    ibe    straight    JLiculiics    and    tiie 
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hook-shaped  Hamites,  and  the  various  groups  were  recognised 
in  the  classification  by  the  use  of  descriptive  adjectives.  Buch 
also  gave  a  clear  exposition  of  the  progressive  complication 
in  the  sutural  lines  which  could  be  observed  in  following 
the  phylogeny  of  the  Ammonitidae  from  the  Palaeozoic  epochs 
through  the  Mesozoic,  and  showed  how  a  surmise  might  be 
made  respecting  the  age  of  an  Ammonitid  genus  from  the 
relative  degree  of  complexity  in  the  sutural  limits. 

Buch's  three  sections,  Goniatites,  Ceratites,  and  Ammonites, 
were  defined  by  subsequent  writers  more  in  harmony  with 
zoological  definitions  of  the  group,  but  the  discovery  of  the 
rich  Triassic  fauna  of  St  Cassian  showed  that  the  distinctions 
between  these  sections  were  by  no  means  so  sharp  as  had 
been  supposed.  Buch*s  work  undoubtedly  gave  a  new  impulse 
to  the  study  of  fossil  Cephalopods.  The  middle  decades  of 
the  nineteenth  century  saw  the  publication  of  a  large  number 
of  memoirs,  elucidatmg  the  genetic  relationships  of  the  Palaeo- 
zoic and  Mesozoic  genera.  The  erection  of  new  genera  and 
species  went  on  rapidly,  and  the  necessity  began  to  make  itself 
felt  for  a  further  sub-division  of  the  typical  genus  Ammonites. 
Barrande,  Hall,  and  other  authors  had  already  divided  the 
original  Nautilites  into  a  number  of  genera. 

The  decisive  step  of  sub-dividing  the  Ammonites  was 
ventured  by  Suess  in  1865.  In  a  short  memoir  on  the 
organisation  of  the  Ammonites,  Suess  converted  the  adjectival 
nomenclature  of  the  individual  groups  of  species  into  names 
of  genera  (Phylloceras,  Lytoceras,  Arcestes),  and  pointed  out 
that  in  addition  to  the  sutural  line,  external  form  and  orna- 
mentation of  the  shell,  there  were  other  features  of  systematic 
value,  such  as  the  margin  of  the  mouth  and  the  length  of  the 
chambers.  A  similar  reform  was  advocated  by  Aipheus  Hyatt 
in  his  memoir  on  the  Liassic  Ammonites  (1869).  The  pre- 
vious nomenclature  of  families  was  discarded  by  Hyatt,  and 
numerous  new  genera  were  erected,  whose  limits  were  much 
more  narrowly  defined  than  had  been  customary.  As  one 
might  have  expected,  the  new  tendency  met  at  first  with  strong 
opposition,  but  it  was  supported  and  followed  by  Laube, 
Zittel,  Mojsisovics,  Waagen,  and  Neumayr 

Waagen  in  1871  combined  the  Ammonitid  genera  in  eight 
groups,  attributing  great  importance  to  the  presence  or  absence 
of  the  shell  plates  termed  '*  Aptychus "  and  '*  Anaptychus," 
and  to  the  particular  structure  of  these  remam^.     ^^wx^'^'^x  *vc\ 
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1S75  attempted  to  sub-divide  Ammonites  into  a  number  of 
families  and  genera,  but  bis  attempt  only  served  to  show  how 
extremely  difficult  it  was  lo  give  a  precise  definition  and  limit 
to  tlic  individual  groups  of  forms.  All  groups  seemed  con- 
nected with  one  another  by  intermediate  types. 

Neumayt  therefore  fell  back  on  the  genealogical  princi|)Ie 
as  the  guiding  feature  in  his  classification,  and  combined  into 
narrower  or  wider  groups  all  those  forms  which  in  his  opinion 
were  either  nearly  related  or  directly  connected  in  the  line  of 
descent. 

Previously  lo  Neumayr,  Waagen  (1869)  had  trarcd  the 
genealogical  tree  of  the  species  Ammoailts  suhradialui  through 
several  straligraphical  horizons,  and  had  proposed  the  term 
"  mutation"  to  signify  the  insigniricant  variations  or  modifica- 
tioiis  ap|)arent  in  the  members  more  remote  from  one  another 
in  time.  The  stronger  emphasis  placed  on  the  phylogenelic 
relationships  introduced  a  more  sjKculative  and  subjective 
character  into  the  study  of  Ammonites,  but  it  also  gave  an 
incentive  to  a  more  cietailctl  investigation  of  the  sliill  devi-lop- 
ment  and  to  a  comparison  of  the  oiUogf-ny  and  iihyln-Luj  of 
these  organisms. 

]Iy.itt  li.id  eiuleavourcd  in  the  year  1872  to  find  out  llie 
nppm\imate  "  embrj'ology "  of  the  Amnioniies  liy  an  f\ 
amin.iiion  of  the  |irim,iry  chambers  and  the  innermost  coils 
of  the  shells,  and  had  l>y  this  means  been  al.le  to  verify  \\-,^ 
cssenlini  diffi;rciice  helivcen  the  cnihrvtinic  development  of 
Kaulilidx-  ■.m<.\  Aninionitida;  which  bad  been  staled  by  Il.ir- 
ran.le  and  Saemann.  In  1880,  Wiirtenberger  empil.■l<i^e•,l 
the  a;;reenient  in  the  evidences  of  oiiloseny  and  phyln-eiiy 
regarding  the  shell  deve!o|imenl  in  the  group  of  Ammonite*. 
Meunier-Chalnias  observeJ  (1873)  a  striking  resemblan.-c  of 
tiie  embryonic  chambers  of  certain  .\mmonites  with  SpiruLi. 
and  argued  that  a  near  relationship  existed  between  the  .Am- 
monites and  the  Dibranchs.  Upon  olher  grounds  (Ir.iy, 
Siiess,  and  to  a  certain  degree  also  Qucnstedl,  formed  a  siniil.ir 
inference;  and  Steinmann  in  1890  expressed  his  opiiiinii 
that  the  genus  Argoiiauta  was  a  lineal  descendant  of  liic 
Ammonites.  The  development  of  the  chambered  shells  of  ihc 
Cephalopods  was  made  the  subject  of  a  masterlv  and  comprL- 
bcnsivo  series  of  researches  by  llr.mro  (iSSi)'  and  led  tins 
observer  lo  apply  the  character  of  the  embryonic  chamheu 
as  a  basis  for  the  chief  swb-di  vis  tons  of  the  Anmionitida;, 
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After  Suess  and  Hyatt  had  opened  the  gates  for  the 
creation  of  new  generic  names,  the  palaeontological  literature 
of  the  Cephalopods  was  inundated  by  innumerable  new  genera 
and  species,  most  of  them  only  narrowly  defined.  The 
number  of  species  increased  in  a  short  time  to  several 
thousands.  At  the  same  time,  new  genealogical  tables  were 
constantly  being  constructed,  and  were  as  often  a  little  altered 
and  a  little  improved.  The  leaders  in  this  extreme  movement 
of  breaking  up  the  genera  and  species  are  Hyatt,  Mojsisovics, 
and  Buckmann. 

The  Aptychus  and  Anaptychus  remains  were  the  cause  of 
much  controversy.  Many  authors,  for  example,  Scheuchzer, 
Walch,  D'Orbigny,  and  Pictet,  had  supposed  these  plates  to 
be  the  shells  of  Cirripedes ;  Parkinson  and  Schlotheim  had 
explained  them  as  Lamellibranchs,  De  Luc  and  Bourdet  as 
the  jaw-bones  of  some  fish,  while  Hermann  von  Meyer  had 
ingeniously  explained  them  as  parasites  of  the  Ammonites. 
Ultimately  it  was  universally  accepted  that  they  were  es- 
sential parts  of  the  Ammonites,  and  they  were  sometimes 
looked  upon  as  the  internal  shells  of  Dibranchs  or  Am- 
monites, sometimes  as  cover-plates  of  Ammonites.  The 
latter  view,  originally  advanced  by  Riippel,  has  been  con- 
firmed by  recently  discovered  specimens. 

Among  the  Dibranchs,  the  fossil  Belemnites  and  the  forms 
nearly  related  to  them  have  received  a  fair  amount  of 
attention  in  palaeontological  literature.  For  many  centuries 
Belemnites  had  been  known  and  had  passed  under  various 
designations,  ** thunderbolts,"  " devil's-fingers,"  "lynx-stones," 
**Lyncurium,"  etc.;  Agricola  described  them  and  gave 
illustrations,  and  from  his  time  onwards  they  had  a  place 
among  the  known  "  petrefactions,"  although  the  older  authors 
referred  to  them  as  **Echinid"  needles,  or  other  organism,  or 
sometimes  thought  them  merely  mineral  structures.  Ehrhardt 
was  the  first  to  compare  Belemnites  with  the  shells  of  Nautilus 
and  Spirula,  and  De  Luc  pointed  out  their  resemblance  to  the 
enclosed  shells  of  Sepias.  The  large  work  of  Knorr  and 
Walch  contains  a  good  account  of  Belemnites,  and  a  memoir 
by  Faure-Biguet  (18 10)  gives  numerous  illustrations  of 
species. 

The  influence  of  zoological  advances  was  first  clearly  shown 
in  the  suggestive  paper  by  J.  S.  Miller  (1826)  published  by 
the  London  Geological  Society.     Soon  after,  two  very  good 
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luore  recent  palasontological  w 
the    old    genus    and    founded    several    ne 
Important  contributions  to  the  knowledge  ( 
of    Decapodous    Dibranchs    were    made    I 
Mantell  (1848-50),  and  more  especially  b 
The  connection  between  the  extinct   Belei 
representatives  of  the  group,  the  Spirulos  ac 
elucidated    by   these  anatomists.     An  exc€ 
of  the  "  British  Belemnites"  by  J.  Phillips  (1 
in  the  volumes  of  the  London  Palaeontograph 

Arthropods, — Palaeontologically  considered 
are  the  most  important  group  in  this  branc 
kingdom.      In    the   year    1822,    Brongniart 

X  published   a   Natural    History  of    the   Crusl 

a  clear  exposition  was  given  of  the  zoolc 
logical  significance  of  these  remains.  Ca 
fossil  Crustacea  were  prepared  by  H.  Wood' 

*  (1865    and    1877),    and    the    whole    class    w 

Gerstaecker  (1866-74)  in  a  thoroughly  scieni 

f  manner,  chiefly  from  the  zoological  standpoint  1 

und  Ordnungen  des  Thierreichs^  vol.  v.). 

'  Among  the  individual  orders,  the  Trilobiu 

the  greatest  interest  for  palaeontologists.  They 
older  literature  frequently  under  the  names  Ti 
and     Entomolites     (Linnaeus),     until    the     n 
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Burmeister  (1843),  and  Beyrich;  by  the  Englishmen, 
Portlock  (1843),  Salter,  Phillips,  and  MacCoy ;  and  the 
Frenchman,  Marie  Rouault  (1847).  Dalman  and  Burmeister 
proposed  a  precise  nomenclature  for  the  individual  parts  of 
the  body,  and  the  special  terms  were  still  further  increased  by 
Beyrich,  Salter,  and  Barrande.  For  the  purposes  of  systematic 
arrangement,  Dalman  and  Goldfuss  used  especially  the  presence 
or  the  absence  of  eyes,  Quenstedt  the  number  of  the  body 
segments,  Burmeister  ^  the  capability  of  rolling  up,  the 
characters  of  the  pleura,  and  the  general  form  of  the  body. 
Emmrich  proposed  to  use  the  external  characters  of  the  eyes  as 
a  systematic  feature,  and  pointed  out  the  systematic  importance 
of  the  "  facial  suture"  in  the  head  shield  of  the  Trilobites. 

The  publication  of  Joachim  Barrande's  admirable  monograph 
of  the  Bohemian  Trilobites  (1852,  and  Supplement  1874) 
marked  a  great  advance  in  the  knowledge  of  Trilobites.  All 
that  had  been  previously  known  about  these  fossil  Crustacea  is 
carefully  considered  in  this  work,  and  new  observations  of  high 
value  are  added.  In  so  far  as  Barrande  elucidated  the  con- 
stitution of  the  eyes,  the  structure  of  the  carapace,  the 
phylogeny  of  a  number  of  genera,  his  results  have  been  fully 
accepted  by  later  authors,  but  the  application  which  he  made 
of  the  characters  of  the  pleura  in  his  systematic  scheme  has 
not  been  adopted. 

There  could  be  little  unanimity  of  opinion  regarding  the 
relations  of  the  Trilobites  to  the  living  Crustacea,  so  long  as 
nothing  certain  was  known  about  the  character  of  the  append- 
ages in  the  extinct  group.  Zoologists  were  always  inclined 
to  emphasise  the  resemblance  of  Trilobites  with  living  Isopods, 
but  Burmeister  pointed  out  the  essential  difTcrcnce  between 
the  two  orders ;  after  a  series  of  comparative  researches  he 
concluded  that  the  **feet'*  of  the  Trilobites  had  been  of  a 
soft  character,  much  as  is  now  presented  in  the  Phyllopods, 
and  that  in  many  respects  the  Trilobites  showed  close  affinity 
with  the  Xiphosura.  Gerstaecker  assigned  (1879)  the  Trilo- 
bites to  the  Entomostraca  (Gnathopoda)  as  an  independent 

*  Hermann  Carl  Burmeister,  born  1807  at  Stralsund,  studied  Medicine 
and  Natural  Science  in  Greisswald  and  Halle,  began  his  career  as  a 
gymnasium  teacher  and  University  tutor  in  IJcrliii  ;  in  1837  became 
extra-Ordinary  Professor  of  Zoology  in  Halle,  in  1842  full  Professor;  in 
1850  and  1856  travelled  to  Brazil,  the  Argentine  and  Chili,  and  in  1861 
was  called  to  Buenos  Ayres  to  be  Director  of  the  Natural  History  Museum, 
which  he  had  been  instrumental  in  establishing ;  died  there  iS')2. 
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w..^  ju.»  aiiu  amuiilatc 
Matthew  (1893),  Becclier  (1894),  and  \\a\ 
within  recent  years,  Burmeister's  concepti 
tory  position   of  the  Trilobites  has    beer 

I  verified,  although  many  palaeontologists  s 

I  prototypes  of  the  Isopoda. 

»  Excellent  reports  and  monographs  on  tl 

phological  relations  of  the  Trilobites  hav< 

«  from  time  to  time  by  Dr.  Henry  Woodward 

<  on  the  Britisli  Trilobites,  prepared  in  collab 

is  a  standard  work  on  this  group. 

Charles  Darwin  established  the  knowle< 
pedia    (1851-54)    upon    a    scientific   basis 
publications  by  Bosquet,  Reuss,  Seguenza, 
tologists  follow  the  views  advanced  by  Darw 
Many  memoirs  have  been  devoted  to  fo: 
their  interest  is  almost  exclusively  stratigrapl 
Under  the  name  of  Merostomata,  the  > 
extinct  ancestral  order  of  the  Eurypterida 
bined.      Dr    Woodward   has   made   signal 
knowledge   of    this   group    of    Crustacea 
monographs  which  appeared  in  the  volume 
tographical  Society  between   1866  and   18; 
counts  of  the  Palaeozoic  Eurypterids  were  • 
Dekay,  Harlan  (1825),  and  Scouler  (1831). 
relationship  of  the  fossil  Eurypterids  with  tl 
(King-Crab)    was    reco£rni<^(v1     h^r     k      v>^.. 
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The  literature  on  fossil  air-breathing  Arthropods  is,  like 
that  on  the  Crustacea,  in  recent  years  passing  more^and  more 
into  the  hands  of  the  zoologists,  and  it  is  in  consequence 
vastly  increasing  in  its  intrinsic  interest  and  merit.  Myriopod 
remains  were  first  discovered  in  the  amber  layers  and  gypsum 
series  of  Aix,  and  in  1845  were  also  found  by  Westwood  in 
the  British  Carboniferous  deposits;  in  1854,  C.  L.  Koch  and 
J.  C.  Berendt  published  the  first  important  monograph  on  the 
Crustacea,  Myriopoda,  Arachnida,  and  Apterida  fauna  con- 
tained in  these  deposits,  and  this  was  afterwards  followed 
by  the  excellent  works  of  W  Dawson  (1859),  H.  Woodward 
(1871),  Peach,  and  Scudder. 

Palaeontologists  have  contributed  a  large  number  of  memoirs 
descriptive  of  fossil  insects.  A  handsome  monograph  by 
E.  F.  Germar  (1844-53)  was  devoted  to  the  remains  of 
insects  occurring  in  the  Carboniferous  formation  of  the  Halle 
neighbourhood.  Dana  drew  attention  to  the  Carboniferous 
insect  fauna  of  the  Illinois  district,  and  the  same  fauna  was 
afterwards  more  carefully  examined  by  Scudder.  The  most 
important  addition  to  our  knowledge  of  Palaeozoic  insects  was 
made  by  C.  Brongniart  in  his  brilliant  monograph  on  the 
remarkable  and  often  gigantic  forms  discovered  in  the  Car- 
boniferous rocks  at  Commentry.  The  numerous  fossil  insects 
found  in  the  lithographic  shales  of  Solenhofen  were  described 
by  Count  Miinster,  Germar,  Oppenheim,  and  Meunier.  The 
British  insects  of  the  Mesozoic  deposits  were  examined  by 
Brodie  and  Westwood,  and  several  authors  have  published 
accounts  of  the  fossil  insects  in  the  Tertiary  deposits  of  different 
countries. 

Vertebrata. — Undoubtedly  palaeontology  has  achieved  its 
greatest  successes  in  the  domain  of  vertebrate  animals.  In 
the  very  beginning  of  the  nineteenth  century,  Cuvier  had 
established  such  an  admirable  groundwork  of  research  that 
it  was  made  almost  impossible  for  any  one  who  lacked  a 
thorough  scientific  training  to  attcmi)t  to  continue  a  work 
so  gloriously  begun.  Thus  the  number  of  authors  who  have 
occupied  themselves  with  fossil  Vertebrates  is  at  once  un- 
usually small  and  exceedingly  select,  with  the  result  that  the 
average  quality  of  the  works  in  this  department  of  palaeon- 
tology is  of  a  very  high  order.  A  general  account  of  fossil 
Vertebrates  will  be  found  in  Owen's  Pahvontology  (i860),  in 
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pcicfii^-auuii  ui  iiib  uaojuo^^rapny  (1840-45). 
vidcs  a  fundamental  exposition  of  the  tceti 
classes,  orders,  and  families  of  the  Verteb 
work  by  C.  G.  Giebel  (1855)  is  far  from  equ 
model  either  in  respect  of  its  illustration 
observations. 

The  scientific  knowledge  of  Fishes  may 
begun  with  the  pioneer  researches  of  Ray  at 
the  seventeenth  century.     These  zoologists,  ^ 
observers  to  distinguish   definite    "species' 
^  world,  laid  the  foundation  of  empirical  detail 

^#  '  ■  in  their  famous  Historin  piscium  (1686).     Ai 

,  contemporary  and  fellow-student  of  Linnaeus 

lent  classification  of  the  genera  known  in  his 
:'  the  close  of  the  eighteenth  century,  Dr.  B 

classification  was  in  great  favour,  although  hi 
was  far  less  notable  than  that  of  his  Frenc 
Lac^pbde.      But  a    complete    reform    was 
Cuvier's  searching  anatomical  investigations, 
»  ,  of  Cuvier  and  Valenciennes  superseded  all  \ 

'   •  In  common  with  the  earlier  system,  the  Cuvie 

was  founded  exclusively  upon  living  forms.     ^ 
V\  of  fossil  fishes  was  inserted  along  with  the 

f  whatever  position  seemed  most   expedient  t 
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assistance  of  C.  Vogt,  Agassiz  was  enabled  to  elucidate  many 
obscure  points  in  fossil  fishes.  Agassiz  also  introduced 
emendations  in  the  classification  of  recent  fishes,  and  added 
many  new  data  regarding  the  evolution  and  the  range  in  time 
of  the  various  families.  His  sub-division  of  fishes  into 
Placoidei,  Ganoidei,  Cycloidei,  and  Ctenoidei,  according  to  {/ 
the  scaly  skeleton,  was  certainly  one-sided  and  artificial,  and 
had  to  be  discarded.  At  the  same  time,  Agassiz  conferred 
a  great  boon  when  he  brought  the  Ganoidei  into  the  strong 
relief  of  a  sub-division,  and  insisted  upon  their  importance 
both  as  essential  links  in  the  phylogenetic  history  of  fishes  and  ! 
as  a  group  comprising  many  specific  types  of  high  value  for  ' 
the  characterisation  of  geological  horizons.  Agassiz  was  the'^ 
first  scientist  who,  in  discussing  the  genealogy  of  fishes, 
pointed  out  the  correspondence  between  the  characters  of 
different  forms  succeeding  one  another  in  time,  and  the 
characters  of  successive  phases  passed  through  by  an  organism 
during  embryonic  development.  The  observation  was  one  of 
those  far-reaching  truths  which  are  now  and  then  wrested  from 
nature;  Haeckel  worked  out  the  same  idea  and  elevated  it 
to  its  merited  rank  as  a  fundamental  bio-genetic  principle. 
Hence,  although  the  actual  classificatory  system  proposed  by 
Agassiz  for  the  fishes  could  not  supersede  the  Cuvierian 
system,  and  was  soon  appreciably  changed  for  the  better  by 
Johann  Miiller's  valuable  works  (1844),  the  name  of  Agassiz 
will  always  be  among  the  most  honoured  in  ichthyological 
literature.  A  later  monograph  on  the  remarkable  fishes  of  the 
Old  Red  Sandstone  was  in  many  respects  supplementary  to 
the  earlier  work  of  the  Neuchatel  savant. 

A  large  number  of  special  memoirs  followed  the  works  of 
Agassiz  and  Muller,  and  gave  a  greater  insight  into  the  remark- 
able varieties  and  wide  distribution  of  the  remains  of  fossil 
fishes.  Those  of  Grey  Egerton,  Count  Miinster,  Andreas 
Wagner  (the  Director  of  the  Museum  of  Natural  History  in 
Munich),  Costa,  Thiolli^re,  Pictet,  Von  der  Marck,  Kner, 
Zigno,  Steindachner,  H.  von  Meyer,  Traschel,  are  all  works  of 
high  palaeontological  merit.  Pander's  monographs  on  the 
fossil  fishes  of  the  Silurian  and  Devonian  deposits  in 
Russia  (1856  and  1858)  are  distinguished  by  exceptional 
discernment,  and  by  the  wonderfully  successful  drawings 
of  the  microscopic  structure  of  teeth  and  scales.  It  proved 
a   difficult   matter   to   determine   the   essential  characters  of 
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ently  continued  to  place  tlie  Ganoidei  in  clo; 
Teleostei. 

A  preliminary  paper  on  "  Devonian  Fishe 

i  by  Huxley  in    1861,  and  was  followed  fiv 

'  his    memorable  work  on    the*  Structure  c 

fi  Ganoids^  wherein  he  showed  the  relationship 

f  the  DipnoL     Huxley  regarded  the  genus 

living  representative  of  the  ancient  Ganoids ; 

living  genus  Ceratodus  was  discovered,  and  ii 

and  description   (1871)    by  Giinther  show 

genus  was  closely  allied  with  I^pidosiren,  ar 

be  assigned  to  the  Ganoidei.    The  more  ac 

thus  secured  reacted  favourably  on  the  adi 

systematic  knowledge  of  the  fishes. 

The  monograph  by  Traquair  (1877)  on  7 
British  Carboniferous  Formations  made  ki 
richest  and  best  preserved  Ganoid  faunas, 
fishes  were  made  the  subject  of  a  compn 
researches  by  Hasse  on  the  structure  and  th 
the  vertebrae;  O.  Jaekel  has  contributed  ai 
graph  of  the  Selachian  remains  from  the 
.  Monte  Bolca;  and  O.  Reis  has  written  vali 

I  Coelacanthidse,  Acanthodidae,  and  other  fc 

^  admirable  catalogue  of  the  fossil  fishes  in  th< 

is  in  course  of  preparation  by  Smith- Wood 
first  authorities  on  fossil  fishes.     The  volu 
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for  the  first  time  placed  the  Amphibians  and  Reptiles  in  two 
separate  groups  of  equal  value  in  the  classificatory  system.  In 
the  eighteenth  century,  fossil  Amphibians  had  been  found  in 
the  Tertiary  marls  of  Oeningen.  In  the  year  1828,  G.  Jaeger 
described  the  teeth  and  part  of  the  skull  of  a  gigantic  Sala- 
mander. These  remains,  found  in  the  Triassic  Alaun  shales 
of  Gaildorf,  were  the  first  discoveries  of  Amphibians  in  Meso- 
zoic  epochs,  and  later  discoveries  of  Amphibian  remains  were 
made  in  the  Bunter  Sandstone  of  Sulzbach,  and  the  Keuper 
strata  near  Bayreuth  (1836). 

In  the  year  1841,  Owen  published  two  memoirs  on  teeth 
showing  a  labyrinthic  structure,  and  on  several  skeletal  remains 
found  in  the  Keuper  of  Warwickshire;  Owen  united  these 
remains  under  the  name  of  Labyrinthodon,  and  ascribed  them 
to  gigantic  Batrachians.  H.  von  Meyer  and  Plieninger,  in 
a  Monograph  on  the  fossil  Labyrinthodonts  of  Wtutemberg 
(1844),  added  much  valuable  information  regarding  the  struc- 
ture of  the  skull,  the  dental  arrangement,  and  the  skeleton  of 
this  animal.  After  a  careful  comparison  of  the  Labyrinth- 
odonts with  reptiles,  Amphibians,  and  fishes,  Meyer  formed 
the  opinion  that,  in  spite  of  many  points  of  resemblance 
with  Amphibians,  the  Labyrinthodonts  belonged  to  the 
Reptiles.  This  view  was  retained  by  Meyer  even  after  his 
detailed  investigation  of  the  Triassic  Saurians  (1847). 

Burmeister  published  (1848-50)  special  memoirs  on  the 
Labyrinthodonts  from  the  Bunter  Sandstone  series  at  Bern- 
berg  and  the  Carboniferous  rocks  at  Saarbriicken,  and  ex- 
pressed his  opinion  that  the  Labyrinthodonts  represented 
mixed  types  of  Reptiles  and  Amphibia,  Ten  years  later, 
Meyer  described  the  same  forms  in  a  monograph  which 
is  one  of  the  best  works  on  Palaeozoic  Vertebrata.  The 
osteology  of  the  Carboniferous  genus  Archegosaurus  was  fully 
and  accurately  depicted,  and  an  excellent  exposition  was  given 
of  the  incompletely  ossified  vertebrae  and  the  several  pieces 
constituting  them.  Larvae  with  persistent  gills  were  described, 
but  nevertheless  Meyer  still  relegated  the  Labyrinthodonts  to 
the  Reptilia. 

Some  new  forms  were  discovered  in  the  Carboniferous  for- 
mation of  Nova  Scotia  and  Ohio,  as  well  as  in  the  Permian 
rocks  of  Silesia,  and  Owen,  on  the  basis  of  his  examination  of 
these,  erected  (1861)  two  orders — the  Ganocephali^  comprising 
Palaeozoic  forms  with  incompletely  ossified  vertebrae,  persistent 


.....^    i»icbozoic   Ampliibians   under  the   n 
and  added  a  fourth  order,  Xcnorhachia^  k 
vertebrae.     Miall,  in   1873-74,  made  soni 
attempts  to  remodel  the  classification  of  1 
»  rich    discovery  of   Amphibian    remains 

(  Moravian  Permo-Carboniferous  deposits  fc 

an  admirable  monograph  by  A.  Fritsch, 
.  genera  are  described  in  considerable  anatoi 

!  years  later,  in  the  "  Red  Underlyer  "  hori; 

deposits  at  Niederhasslich,  near  Dresden, 
discovered  a  dolomitic  bed  with  numero 
\  excellent  state  of  preservation.     The  exa 

^  occupied  many  years;  the  results  appeared 

1893  ^^  ^^^  Zeitschrift  ol  the  German  Geoh 

<  •,  considerably  advanced  the  knowledge  and  tl 

\  ment  of  the  group.     From  time  to  time  mat 

good  state  of  preservation,  and  the  number  o 

Palaeozoic  Stegocephali  found  in  Europe  has 

In  North  America,  also,  new  material  is 

Cope's  investigations  of  the  remains  of  St< 

Permian  deposits  of  Texas  induced  him  to  ; 

cation  based  chiefly  on  the  different  characte 

"*  and  many  of  his  suggestions  have  been  adop 

Credner's   classifications.     New   discoveries 

occur  less   frequently  in   the   Mesozoic  de 

publislied  (1889)  a  monograph  of  thp  ^t.-^^-^ 

rinthoH/"'»-»*''   *  - 
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Reptiles. — As  early  as  the  year  181 2,  Cuvier  had  given  a  full 
exposition  of  all  reptiles  known  up  to  that  date,  and  had 
elucidated  in  a  masterly  manner  the  osteology  of  the  Ichthyo- 
saurians,  Plesiosaurians,  Crocodiles,  Mosasaurians,  Lizards, 
Tortoises,  and  Pterodactyles.  And  as  the  systematic  arrange- 
ment of  living  reptiles  had  already  reached  a  standard  of 
security,  the  fossil  discoveries  could  the  more  easily  be  grouped 
according  to  their  apparent  affinities.  In  the  year  1830,  Von 
Meyer  made  the  first  attempt  at  a  systematic  classification 
of  living  and  fossil  reptiles.  Meyer  consigned  all  fossil  reptiles, 
with  the  exception  of  tortoises  and  serpents,  to  the  Saurians, 
and  sub-divided  the  Saurians  into  Dactylopoda,  Nexipoda, 
Pachypoda,  Pterodactyli,  and  I-abyrinthodonti. 

This  classification  was  soon  changed  by  Owen.^  This  great 
anatomist  opened  his  magnificent  series  of  researches  on  fossil 
reptiles  in  the  year  1839;  his  works  on  this  subject  extend 
over  a  period  of  fifty  years,  and  have  been  a  source  of  remark- 
able scientific  progress.  Owen  erected  a  number  of  orders  of 
fossil  reptiles,  and  gave  to  them  an  equal  value  with  the  orders 
of  living  reptiles.  His  systematic  sub-division,  with  a  few 
changes  afterwards  introduced  by  Huxley,  Cope,  Marsh,  and 
Baur,  has  retained  its  authoritative  position  to  the  present  day. 
All  fossil  reptiles  occurring  in  Great  Britain  were  described  by 
Owen  in  a  long  and  profusely  illustrated  series  of  monographs 
published  in  the  volumes  of  the  Palaeontographical  Society;  he 
also  examined  and  described  the  remarkable  reptilian  remains 
from  the  Karroo  formation  in  South  Africa. 

Meyer  supplied  an  exhaustive  account  of  all  reptiles 
occurring  in  Germany.  This  indefatigable  palaeontologist 
published  four  large  monographs  of  the  fossil  Saurians  between 
1847  and  i860,  and  in  addition  contributed  many  other 
memoirs,  illustrated  by  his  own  drawings,  to  the  volumes  of 

*  Sir  Richard  Owen,  born  on  the  20th  July  1804,  in  Lancaster,  studied 
medicine,  and  especially  surgery,  in  Edinburgh  and  London;  became  in 
1828  assistant  at  the  College  of  Surgeons  in  London,  and  in  1834  Professor 
of  Comparative  Anatomy.  The  Geological  Society  in  1838  presented  the 
Wollaston  medal  to  the  young  scientist,  and  in  1857  he  was  chosen  Presi- 
dent of  the  British  Ass<x:iation  for  the  Advancement  of  Science.  In  the 
year  1856  he  resigned  his  Professorship  at  the  College  of  Surgeons,  and 
accepted  the  post  of  a  Director  of  the  British  Museum.  In  1881  the 
Natural  History  Collections  were  transferred  to  the  new  buildings  at  South 
Kensington,  and  Sir  Richard  Owen  was  director  of  that  department.  lie 
died  on  the  l8th  December  1892. 


E.   Fraas.     The  Plosiosauridns,   Notliosaur; 

cephali  have  also  been  carefully  investi<;ated 

A  classical  treatise  by  Huxley  (1875)  sig 

knowledge  of  the  genetic  relations  of  th 

\  crocodiles.     The  Triassic  Parasuchia  wer 

^1    ■  Meyer,  Huxley,  and  Cope,  the  Pseudosi 

\    "  and  more  recently  by  the  careful  and  accur 

Newton  (1894).  Jurassic  and  Cretaceou 
been  treated  by  Koken  and  Dollo,  and  tht 
Vaillant,  Lydekker,  and  Toula,  in  addition  t( 
other  earlier  authors. 

Palaeontological  literature  is  more  limit 
lizards  and  serpents.  The  Mosasauridae  < 
whose  affinities  with  the  lizards  were  rec< 
were  afterwards  elevated  to  the  rank  of  a 
Cope,  and  have  formed  the  subject  of 
memoirs  by  Marsh,  Cope,  Owen,  Dollo, 
and  Gaudry.  Remains  of  the  winged  S 
known  in  the  eighteenth  century,  but  it  w 
recognised  that  their  systematic  position 
Reptilia.  The  exquisitely  preserved  skelett 
graphic  shales  of  the  Franconian  and  Swj 
great  interest,  and  were  the  subject  of  many 
by  Count  Miinster,  Goldfuss,  Meyer,  Wag 
Zittel,  Ammon,  and  others.  Liassic  1 
described  by  Buck  land,  Theodori,  Owen,  a 
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and  Hylaeosaurus  in  the  fluviatile  Weald  clays  of  Sussex,  and 
Owen,  in  1841,  proposed  to  comprise  the  genera  then  known 
as  a  distinct  order  under  the  name  of  Dinosauri.  Further 
discoveries  continued  to  increase  the  number  of  known  genera, 
and  in  1866  Cope  divided  the  Dinosauri  into  three  sub- 
orders (Orthopoda,  Goniopoda,  and  Symphyp)oda).  In  a  series 
of  very  important  memoirs  devoted  to  the  osteology,  classifica- 
tion, and  genealogy  of  the  Dinosaurs  (1868  and  1869),  Huxley 
pointed  out  the  essential  affinities  of  the  Dinosaurs  with  birds, 
and  even  designated  the  genus  Compsognathus  as  a  uniting 
link  between  this  extinct  group  of  reptiles  and  the  younger  and 
more  specialised  group  of  birds. 

Ten  years  later,  Marsh  began  to  publish  the  results  of  his 
examination  of  Dinosaur  specimens  which  had  been  discovered 
in  extraordinary  number,  and  often  in  a  perfect  state  of 
preservation,  in  the  western  states  of  North  America.  Marsh 
conducted  his  researches  for  twenty  years,  and  inaugurated  a 
sweeping  reform  of  the  classificatory  system  of  Dinosaurs. 
Alongside  this  memorable  discovery  of  Dinosaurs  in  North 
America,  Europe  can  place  the  discovery  of  twenty-three 
wonderfully  preserved  skeletons  of  Iguanodon  near  Bernissart. 
These  were  carefully  disinterred  under  the  guidance  of 
Dupont,  and  afterwards  excellently  described  by  Dollo. 
Besides  the  authors  already  named,  Hulke,  Seeley,  Lydekker, 
and  Baur  have  made  valuable  contributions  to  the  know- 
ledge of  this  interesting  extinct  order  of  Saurians. 

Under  the  name  of  Theromorpha,  Cope,  in  1880,  erected  a 
new  order  of  Reptiles,  in  which  he  placed  rather  an  ill-assorted 
assemblage  of  fossil  forms.  The  Placodonts  from  the  Mus- 
chelkalk  were  the  first  known  representatives  of  this  order, 
but  notwithstanding  the  memoirs  of  Munster,  Braun,  Meyer, 
and  Owen,  the  affinities  of  the  Placodonts  are  still  very  obscure. 
As  yet  the  skull,  jaws,  and  teeth  are  the  only  parts  of  the 
skeleton  that  have  been  found. 

In  the  year  1859  Owen  erected  the  order  of  Anomodontia, 
for  certain  remarkable  fossil  Reptilian  remains  which  had  been 
discovered  in  South  Africa  by  G.  Bain  as  far  back  as  the  year 
1838.  Afterwards  Owen  (1876)  separated  the  Theriodontia 
from  the  Anomodontia,  and  erected  it  as  an  independent 
order  characterised  by  numerous  well-diflferentiated  teeth. 
Owen  then  devoted  a  special  monograph  to  all  the  Reptilian 
remains  from  the  Karroo  formation  in  South  Africa,  and  his 
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general   review   of  the   geological  distribu 

contributed  by  Milne-Edwards  (1863),  who 

large  monograph  (1867-72)  of  the  fossil  b 

osteological  basis  for  the  study  of  thb  class. 

f  a  fossil  feather  was  discovered   in   the 

^  Solenhofen,  and  a  year  later  at  Eichstatt  1 

?  the  oldest  fossil  bird  was  found.    It  was, 

by  A.  Wagner  as  a  winged  reptile.     Sir  Ri< 

*.  recognised  in  it  the  characters  of  a  true  bi 

>  the  long  tail  and  the  peculiarly  constnicte< 

**H  several  palaeontologists  thought  it  intermed 

,.  and  reptiles.    A  second  specimen  of  Archa 

t    '  at  Eichstatt  in  1877;  it  was  obtained  by  t 

and  described   by    Dames  (1884).     In   : 
attention  to  the  occurrence   of  toothed 
taceous  rocks  of  Kansas,  and  published  a  i 
with  excellent  illustrations  of  these  Odo 
markable   fossil  giant  birds  of  New  Zeals 
in  detail  by  Owen  (1849-86),  and  the  powc 
Madagascar  were  studied  by  Bianconi,  Grai 
Edwards.     The  comprehensive  work  of 
contains  a  full  exposition  of  the  phylogenet 
and  living   birds,  and   is  of  the  utmost 
morphology  and  classification  of  birds. 

Mamma/s. — No   sub-division   of  Palaeoi 
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able  part  of  the  fossil  mammals  that  occur  in  Europe  are 
exhaustively  described  in  Guvier's  classical  work,  and  until 
Darwin  began  to  interest  himself  in  the  palaeontology  of 
the  fossil  Mammalia,  the  study  continued  to  be  followed 
entirely  along  the  lines  indicated  by  Cuvier.  The  Osteology  of 
Recent  and  Fossil  Mammalia^  a  large  work  in  four  volumes  by 
Ducrotay  de  Blainville,^  was  prepared  strictly  after  the  model 
of  Cuvier*s  writings,  although  the  copy  comes  very  far  short  of 
the  original.  Still  Blainville  had  at  his  disposal  unusually  rich 
fossil  material,  and  his  illustrations  were  prepared  by  draughts- 
men of  exceptional  skill  and  technique.  In  artistic  treatment 
and  scientific  accuracy,  the  plates  which  accompany  Blainville's 
Osteology  are  perhaps  only  surpassed  by  the  magnificent  draw- 
ings of  the  skeletal  parts  of  recent  mammals  by  Pander  and 
D'Alton  (1823-41).  GiebeVs  Fauna  der  Vorwelt  contains  in 
the  first  volume  a  concise  and  faithful  account  of  all  the  fossil 
Mammalia  known  up  to  the  year  1847.  A  newer  summary  of 
the  subject  is  comprised  in  R.  Lydekker's  Catalogue  of  the 
fossil  Mammalia  in  the  British  Museum  (1885-87),  and  a  still 
later  account  in  the  Introduction  to  the  Study  0/  the  Living  and 
Fossil  Mammals  ( 1 89 1 )  by  Flower  and  Lydekker.  An  enu mera- 
tion  of  all  known  fossil  Mammals  was  drawn  up  by  O.  Roger 
(1887  and  1896). 

In  contrast  to  Cuvier's  anatomical  and  descriptive  mode 
of  treatment,  Gaudry,  in  the  first  volume  of  his  work, 
Fnchatnements  du  Monde  Animal  (1878),  aimed  rather  at 
elucidating  the  genealogical  relations  of  fossil  Mammalia 
in  an  attractive  manner,  and  at  demonstrating  the  gradual 
transformation  of  certain  types  in  the  course  of  the  geo- 
logical periods.  Many  writers  on  fossil  Mammalia,  among 
others  Huxley,  Riitimeyer,  Cope,  and  Marsh,  have  brought 
forward  weighty  evidence  in  favour  of  Darwin's  theory  of  the 
descent  of  man. 

'  In  Germany,  Goldfuss  and  G.  Jaeger  (1835)  published 
Contributions  to  the  Knoivledge  of  the  Fossil  Mammals  found 
in  the  Diluvial  deposits  and  in  the  Tertiary  series  of  Swabia. 
The   monographs   of   J.    J.    Kaup    (1832-61)    described    the 

*  Henri  Marie  Ducrotay  de  Blainville,  born  1778  in  Argus  near  Dieppe, 
studied  Medicine  in  Paris,  was  Professor  of  Comparative  Anatomy  and 
Zoology  at  the  Normal  School,  and  in  1832  succeeded  Cuvier  as  Professor 
of  Comparative  Anatomy  at  the  Botanical  Garden ;  he  died  suddenly  in 
1850  in  a  railway  compartment,  while  travelling  b«tween  Paris  and  Rouen. 


fauna   of   Pikermi,    near   Athens    (1848-57) 
afterwards     superseded     by    Gaudry's     cxc 
(1862-67),    wherein    a    fuller    material    col 
if  himself  is  accurately  described  and  discus; 

'^  of  H.  von  Meyer,  Germany  lost  its  best 

•'  Mammalia.      The    gap  was  to  a    certain 

9  Quenstedt  and  O.  Fraas  in  Wiirtemberg, 

careful  revision  of  Jaeger's  preliminary  ac 
\  preserved  Mammalian   remains  from  the 

the  fresh-water  limestone  of  Steinheim  (18 
recent  years,  M.  Schlosser,   O.  Roger,  K 
and  Pohlig  are  the  leading  German  authori 
)    '  of  fossil  Mammals. 

In  Austria- Hungary,  Peters,  Suess,  To 
Weithofer,  Woldrich,  and  others  have  cc 
memoirs  on  the  knowledge  of  Tertiary 
fauna  of  the  Belgian  caves  was  admin 
P.  S.  Schmerling  (1833-46),  and  similar 
the  Diluvial  Mammals  of  France  were  co 
Serres,  Lartet,  E.  Chantre,  and  Lortet 
fostered  the  palajontological  research  of  foss 
fundamental  works  of  Cuvier  and  Blainvilh 
a  large  number  of  special  memoirs.  P. 
published  a  work  on  the  zoology  and  pj 
Vertebrates  occurring  in  France.  The  M 
of    the    Department    Puy-de-D6me    (1828 
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One  of  the  most  celebrated  palaeontologists  in  the  domain 
of  fossil  Mammalia  was  Riitimeyer,^  in  Bale.  His  works 
cover  a  wide  field  of  research  and  hold  a  high  place  in  the 
literature.  Some  of  the  best  known  are  his  monographs  on 
the  fauna  of  the  lake-dwellings  (1862),  his  contributions  to 
the  Comparative  Odontography  of  the  Ungulata  (1863),  his 
memoirs  on  the  genealogy  of  the  Mammalia  (1867),  his 
discussion  of  the  affinities  between  the  Mammalia  of  the  Old 
and  New  Worlds  (1888),  and  his  Contributions  to  a  Natural 
History  of  the  Ruminants  (1865),  of  Oxen  (1866-67),  and 
of  Deer  (1881).  Riitimeyer  is  a  convinced  although  cautious 
adherent  of  the  Darwinian  theory  of  evolution.  His  genea- 
logical trees  of  the  Mammalia  show  a  complete  knowledge 
of  all  the  data  concerning  the  different  members  in  the  suc- 
cession, and  are  amongst  the  finest  results  hitherto  obtained 
by  means  of  strict  scientific  methods  of  investigation. 

In  Great  Britain,  Buckland  provided  in  his  ReliquicB  Dilu- 
viancB  (1823)  the  earliest  general  account  of  the  Mammalian 
remains  in  the  caves  and  the  Diluvial  deposits  of  that  country. 
After  the  production  of  Owen's  Natural  History  of  the  British 
Fossil  Mammals  and  Birds  in  1846,  that  observer  was  uni- 
versally recognised  for  nearly  half  a  century  as  the  greatest 
living  authority  on  Mammalia.  Throughout  his  long  and 
active  career,  Owen  contributed  an  extensive  literature  on 
British,  Australian,  South  American,  and  Asiatic  fossil  mam- 
mals. Special  interest  was  aroused  by  his  memoir  in  1891 
on  the  oldest  known  Mesozoic  forms,  from  the  Stonesfield 
and  Purbeck  horizons  of  Jurassic  rock.  Another  zealous 
British  palaeontologist  was  Dr.  Falconer,  whose  Fauna  Siva- 
iensis  (1846-49),  written  in  collaboration  with  Cautley, 
disclosed  a  new  and  extremely  rich  Mammalian  fauna  from 
the  younger  Tertiary  deposits  of  India.  After  Dr.  Falconer's 
death,  Charles  Murchison  collected  several  of  his  important 
memoirs  on  fossil  Rhinoceroses  and  Proboscideans,  and  pub- 
lished them  posthumously  in  one  volume  (1868).  In  more 
recent  years,   Busk,   Flower,   Lydekker,   Boyd    Dawkins,  and 

^  Ludwig  Riitimeyer,  born  on  the  26th  February  1825,  at  Biglen,  in  the 
Emmen  Valley,  the  son  of  a  pastor,  studied  at  first  theology,  then  medicine, 
at  Bern  University,  but  showed  a  preference  for  geology,  zoology,  and 
palaeontolog)'.  In  1853  he  was  appointed  extra-Ordinary  Professor  of 
Comparative  Anatomy  in  Bern,  and  in  1855  Professor  of  Zoology  and 
Comparative  Anatomy  at  Bale;  he  died  at  Bale  on  the  25th  November 
1895. 
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Leith    Adams    have    been   engaged    in    the    pala^ntologidl 
research  of  fossil  Mammalia. 

The  broad  plains  of  Russin  have  aflbrded  numcratis  spcci- 
mens  of  Diluvial  fossil  Mammals,  the  Tertiary  formalions  in 
the  vicinity  of  Odessa  and  Bessarabia  have  yielded  remaiiu 
of  the  oldest  fossil  Mammals,  more  especially  of  Cetacea 
and  Pinnipedia.  The  leading  investigators  of  these  remains 
have  been  J.  F.  Brandt,  A.  von  Nordniann,  and  M.  Pavlow. 
A  rich  fossil  Mammalian  fauna  was  discovered  by  Forsyth 
Major  (1887)  on  the  island  of  Samos,  in  formations  con- 
temporaneous with  those  of  Pikermi. 

Many  Mammalian  remains  in  the  Diluvial  deposits  of  Nortti 
America  were  known  as  early  as  the  eighteenth  century.  In 
the  year  1S57  Emmons  discovered  the  famous  Dinothcrium 
jaw  from  the  Triassic  rocks  of  Virginia.  A  strict  scientific 
investigation  of  fossil  Mammalia  was  first  inaugurated  in 
North  America  by  Joseph  Leidy,  the  late  Professor  of 
Anatomy  at  the  University  of  Philadelphia.  In  the  year 
ISS3,  Leidy's  Monograpk  on  the  MammaUan  Rcm,>ins  of 
Xtbraskii  revealed  a  fauna  quite  different  from  all  Kuropunn 
fauna!;  then  known.  Two  later  works  {iS69and  1873)  showtd 
that  Mammalian  faunas,  of  which  no  one  had  previously  any 
conce|Uioii,  wure  interred  in  the  successive  Tertiary  duposii-^ 
in  the  Far  West  of  North  America. 

The  excellent  publications  of  Leiily  inspired  O  C  Marsli 
and  K.  D.  Cnpc  to  begin  in  the  early  seventies  their  pro- 
!oi\ued  series  of  valuable  researches  on  the  fossil  Mam. 
malian  faunas  in  the  Far  West.  Immense  sums  of  money  wcrt.- 
rcquired,  and  were  readily  procured,  for  the  disinterment  of 
the  fossil  remains.  To  the  penetration  of  Marsh  '  and  his 
well  trained  collectors,   pateontology    owed   the   discovery  of 
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a  richly  diversified  micro-fauna  of  mammals  in  the  Upper 
Jurassic  deposits,  and  a  similar  fauna  in  the  youngest  Creta- 
ceous horizons  of  Wyoming  and  Colorado.  A  monograph, 
with  plates  of  very  high  excellence,  was  devoted  by  Marsh 
(1884)  to  the^  description  of  the  gigantic  Dinocerati,  which 
form  a  group  of  fossil  Mammalia  peculiar  to  North  America. 
A  large  number  of  memoirs  by  Marsh  appeared  in  successive 
publications  of  the  American  Journal  of  ScienceSy  and  made 
known  the  important  results  of  his  researches  on  the  interest- 
ing faunas  of  the  Far  West 

Contemporaneously  with  Marsh,  his  indefatigable  rival,  Cope, 
also  worked  at  the  fossil  Mammals  of  the  Western  States. 
Unfortunately  these  two  highly-gifted  palaeontologists  were 
not  on  friendly  terms,  and  it  frequently  happened  that  their 
works  oVi  special  genera  and  species  overlapped.  Cope's 
greatest  interests  were  systematic,  and  he  made  several  im- 
provements in  the  classification  of  the  higher  Mammals.  His 
two  reports  on  the  extinct  Vertebrates  in  New  Mexico  (1874) 
and  on  the  Vertebrates  of  the  Tertiary  formations  in  the 
Western  States  (1884)  contain  an  extraordinary  wealth  of  new 
observations.  Cope  discovered  a  new  fauna  in  the  so-called 
Puerco  formation,  the  oldest  horizon  of  the  American  Eocene 
deposits. 

Cope's  work  comprised  the  fossil  Mammalian  remains  found 
in  Mexico,  Central  America,  and  the  West  Indies.  In  Brazil, 
a  Danish .  geologist,  P.  W.  Lund,  discovered  and  described 
(1841-45)  a  diversified  fossil  Cave  Fauna.  The  wide  Pampas 
in  the  Argentine,  in  Uruguay  and  Paraguay,  proved  to  be  a 
rich  field  for  the  remarkable  fossil  Edentate  forms.  The 
osteological  characters  of  the  gigantic  fossil  Sloths  found 
abundantly  here  and  in  the  Pleistocene  deposits  of  other  parts 
of  North  and  South  America  have  been  investigated  by  Owen, 
Gervais,  D' Alton,  Huxley,  Flower,  Nodot,  H.  von  Meyer,  and 
more  recently  by  H.  Burmeister  (1864-81),  J  Reinhardt 
(1875),  and  Florentino  Ameghino. 

Next  to  the  discoveries  of  Mammalian  faunas  in  the  west  of 
North  America,  the  most  important  paLxontological  event  of  the 
two  last  decades  of  the  nineteenth  century  has  been  the  disclo- 
sure made  by  Florentino  Ameghino  of  a  rich  Mammalian  fauna 
in  the  Tertiary  rocks  of  Patagonia.  New  forms  are  constantly 
being  added  from  the  inexhaustible  fossil  localities  in  the  pro- 
vince of  Santa  Cruz.     The  fauna  is  being  described  entirely  by 
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its  discoverer  Aaieghmo,  and  has  alrt^dy  thrown  great  iighl 
on  the  relations  and  rea!  affinities  of  the  existing  South 
American  fauna.  In  Australia  also,  a  number  of  new  fossil 
Mammals  have  become  known,  and  have  been  identified  as 
the  ancestors  of  the  existing  Marsupial  Mammals,  distinguished 
from  them  in  many  coses  by  the  much  greater  size  of  the  fossil 

In  addition  to  the  above-mentioned  writings,  which  for  thi; 
most  part  treat  whole  faunas  or  connected  local  occurrences, 
there  are  many  special  memoirs  of  individual  orders  or  families 
of  Mammalia  or  on  questions  of  Comparative  Osteology  and 
Odontology.  The  maslerly  works  of  W.  Kowalesky  {i8;4) 
and  certain  papers  by  Cope  discuss  the  variations  undergone 
by  the  extremities  and  the  dental  apparatus  of  the  Ungulates. 
Cope's  ideas  have  been  carried  farther  by  \\'orlman,  Schlosscr, 
and  especially  by  Osborn.  who  has  proposed  an  odontologicil 
nomenclature  of  the  indindual  elements  of  the  baek-tt-tih 
applicable  to  all  Mammals. 

The  occurrence  of  human  fossil  remains  and  of  products  of 
human  activity,  as  well  as  the  oritiin  and  evolution  of  \hc 
human  race  and  its  affinities  to  the  Primates,  have  been  ni.ide 
the  subject  of  a  voluminous  literature.  But  since  the  t.isk  nf 
seeking  a  solution  for  these  problems  now  belongs  to  a  siktI.tI 
branch  of  science,  Anthropology,  Palaeontology  confints  it;i.lf 
more  and  more  to  tiie  study  of  fossil  floras  and  faunas. 


CHAPTER  VI. 

STRATIGRAPHICAL  GEOLOGY. 

The  Early  Foundations  of  Stratigraphy, — In  the  year  1762, 
Fiichsel  proposed  the  term  Formation  for  a  series  of  strata 
accumulated  under  similar  conditions  and  in  immediate  suc- 
cession to  one  another.  The  expression  was  meant  to  indicate 
not  only  the  origin,  but  also  a  certain  horizon  in  the  strati- 
graphical  succession,  and  the  particular  geological  age  of  the 
series.  By  Werner's  use  of  the  term,  it  was  given  an  essen- 
tially petrographical  significance,  and  lost  Fiichsel's  conception 
of  the  serial  succession  of  rock -deposits.  In  Werner's  teach- 
ing, the  rocks  of  similar  petrographical  character  were  united 
into  a  formation ;  thus  the  sandstones  were  regarded  as  a 
**  formation"  distinct  from  the  limestones,  and  the  limestones 
represented  a  **  formation "  distinct  from  shales,  porphyries, 
etc.  But  as  formations  of  sandstone,  limestone,  etc.,  re- 
curred again  and  again  in  the  rock-succession,  Werner's  system 
allowed  for  this  repetition  by  grouping  the  different  petro- 
graphical formations  into  "  suites,"  and  supposing  each  suite 
to  represent  a  definite  period  in  the  history  of  sedimentation. 

Brongniart  and  Cuvier,  as  well  as  most  of  their  contem- 
poraries in  France,  associated  with  the  term  Formation  merely 
the  conception  of  a  particular  mode  of  origin  and  consequent 
character  of  the  deposit.  On  the  other  hand,  for  a  complex 
group  of  strata  accumulated  within  a  definite  geological  epoch, 
the  expression  Terrain  was  suggested  by  Bonnard,  Brong- 
niart, and  Provost.  In  the  works  of  De  la  Beche,  the 
term  Groups  in  Murchison's  writings  the  term  System,  is 
synonymous  with  Fiichsel's  conception  of  Formation. 

Humboldt  followed  Werner  in  giving  to  the  Formation 
chiefly  a  genetic  and  petrographical  significance,  but  he 
assigned  also  a  certain  chronological  value.  He  defined  the 
Formations  as  "Systems  of  mineralogical  accumulations,  which 
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Lower  Oolite  System,  with  (a)  Cornbrash,  (If)  Forest 
Marble,  (c)  Stonesfield  Slate,  (d)  Great  Oolite,  (e) 
Lower  Oolite,  (/)  Marl  Stone. 
Lias. 
Between  the  Oolite  and  the  Carboniferous  formation,  Cony- 
beare  and  Phillips  recognised  the  formation  of  the  Red. Marl 
and  New  Red  Sandstone,  and  that  of  the  Magnesian  Lime- 
stone. No  fossils  had  been  found  in  the  Red  Marl  and 
Sandstone  formation,  but  Conybeare  and  Phillips  correctly 
compared  the  group  with  the  Bunter  Sandstone  on  the  Con- 
tinent. The  Magnesian  Limestone  of  Sunderland,  Durham, 
and  Northumberland  was  identified  by  means  of  its  char- 
acteristic fossils  as  an  equivalent  of  the  "  Zechstein "  and 
Copper  Slate  Series  on  the  Continent  (cf.  p.  36).  Conybeare 
also  recognised  in  the  Conglomerates  of  Devonshire  a  forma- 
tion corresponding  to  the  **  Red  Underlyer"  of  the  Continental 
deposits.  Finally,  the  Carboniferous  formation  was  very  care- 
fully described,  and  was  sub-divided  into  four  groups — Coal 
Measures,  Millstone  Grit  and  Shales,  Carboniferous  Limestone, 
and  Old  Red  Sandstone. 

This  classic  work  of  Conybeare  and  Philh'ps  demonstrated 
in  convincing  manner  that  only  with  the  assistance  of  fossils 
could  a  secure  foundation  be  obtained  for  a  comparative  con- 
sideration of  the  sedimentary  rocks,  and  although  their  paral- 
lelism of  the  English  deposits  with  those  of  the  Continent  is 
often  erroneous,  the  method  which  they  adopted  signified  the 
scientific  recognition  and  marked  success  of  William  Smith's 
reform. 

In  Germany,  after  the  collapse  of  Werner's  system,  geology 
seemed  for  a  time  to  make  no  progress.  It  was  only  by  slow 
degrees  that  the  palseontological  method  could  ingratiate  itself 
with  geologists.  Keferstein's  Tables  of  Comparative  Geognosy 
(Halle,  1825)  presents  a  curious  combination  of  Wernerian 
ideas,  Humboldt's  teaching,  and  the  influence  of  the  new 
British  methods.  "Neptunian  Formations,"  six  in  all,  and 
"  Volcanic  Formations,"  also  to  the  number  of  six,  are  arranged 
in  two  corresponding  columns.  The  Granite  and  Syenite  are 
placed  lowest  in  the  Volcanic  formations  as  the  oldest 
Volcanic  rocks  contemporaneous  with  the  gneiss,  schist, 
greywackes,  and  slates  that  were  comprised  in  the  oldest 
sedimentary  "Formation  Suite"  by  Werner.  The  "  Porphyry" 
Volcanic  formation  is  regarded  as  the  contemporary  of  the 
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he  assumes  nothing  further  regarding  the  rocks  comprised  in  a 
"Terrain"  than  that  they  originated  during  a  definite  great 
geological  period.  The  ** Terrains"  are  then  sub-divided  in 
Formations  or  Groups.  Each  Formation  is  said  to  contain 
rocks  that  had  been  formed  under  similar  or  almost  identical 
conditions;  and  the  Formations  are  again  divided  into  Sub- 
Formations  {SouS'Formations)y  each  of  which  is  said  to  com- 
prise a  complex  of  strata  conformably  succeeding  one  another, 
and  having  the  same  fossil  fauna  or  flora.  The  most  valuable 
part  of  Brongniart's  work  is  the  large  number  of  lists  enumerat- 
ing the  characteristic  fossils  in  the  sub-formations. 

The  Terrains  are  classified  under  two  Periods,  the  Periode 
Jovienne^  with  the  three  youngest,  and  the  Feriode  Saturnienne^ 
with  the  other  six  Terrains. 

D'Omalius  d'Halloy  partly  accepted  Brongniart's  terminology, 
partly  altered  it,  but  he  followed  the  sub-division  and  general 
arrangement  of  the  Terrains.  The  Belgian  geologist  was 
Brongniart's  solitary  disciple  in  the  literature.  In  comparison 
with  the  contemporary  work  in  Great  Britain,  Brongniart's 
stratigraphical  system  could  only  be  regarded  as  a  retrogressive 
step. 

The  excellent  Geological  Manual  of  De  la  Beche  (London, 
1 831)  followed  the  example  of  W.  Smith,  Conybeare  and 
Phillips,  and  adopted  their  terminology  and  their  arrangement 
of  the  formations.  That  De  la  Beche  showed  a  special  interest 
in  the  modern  and  diluvial  formations  was  only  what  might 
have  been  expected  in  the  author  of  the  Geological  Observer, 
In  his  treatment  of  the  "  Group  above  the  Chalk,"  De  la  Beche 
made  use  of  the  literature  on  the  Tertiary  formations  of  the 
Paris  basin,  Italy,  Switzerland,  and  the  other  Tertiary  basins 
of  Europe,  but  in  spite  of  the  rich  material  in  the  literature  he 
failed  to  construct  a  precise,  chronological  table  of  the  succes- 
sion. For  the  Cretaceous  group,  the  English  sub-divisions  are 
taken  as  a  type;  in  the  Oolitic  group,  De  la  Beche  made 
only  one  or  two  slight  alterations  on  W.  Smith's  sub  divisions, 
and,  on  the  basis  of  the  important  works  of  Merian  and 
Thirria,  assigned  the  Jurassic  formations  of  the  Swiss  and 
French  Jura  to  their  proper  position  in  the  stratigraphical 
succession.  De  la  Beche  included  in  the  group  of  the  **Red 
Sandstone"  the  whole  series  of  Keuper,  Muschelkalk,  Bunter 
Sandstone,  Zechstein,  Copper  Slate,  and  Red  Underiyer.  In 
the  Carboniferous  formation  he  embraced  very  rightly  only  the 


25  -r.  ircerer.ien:  work.  er.:::Iev 
This  Tcluxe  is  especially  memc: 
skilful  solution  of  the  didScxilt  las 
logical  sub-di\-i5:on  of  the  Tertiai 
e.:ujL*/.v  :o  the  occurrences  of  ihi* 
bjLs:!::5  of  deposition,      \\lth  the  I 
f TTposed  the  cLissincation  that  ha 
science. 

Several  years  earlier,  in  1S29,  E 
treatise,  had  proved  that  :he  dirfere 
been  tilled  with  quite  contemporar. 
some  of  the  basins  deposition  onh 
had  been  partially  or  wholly  silted 
Tertiary  series  could,  he  said,  be  na 
older  and  a  younger  group  of  sc-dinie 

In  the  following  year,   1S30,  P. 
results  of  his  investigations  on  the 
relations  of  the  Tertiary  Molluscs  t 
fewer  than  2,902  species  of  Tertia 
from  known  localities  and  horizons 
with  one  another  and  with  4,639  li^ 

'   Paiil  G.-r.  n-' ' 


STRATIGRAPHICAL  GEOLOGY.  43 1 

showed  that  a  number  of  deposits  in  the  Paris  and  London 
basin,  in  the  Belgian  and  in  the  Vicentinian  basins,  contained 
only  about  3  per  cent,  existing  species  and  97  per  cent,  extinct 
species;  and  that  of  1,400  investigated  species,  only  42  con- 
tinue upward  into  the  younger  group  of  Tertiary  rocks  which 
comprise  the  Faluns  of  Touraine  and  Aquitania,  the  deposits 
of  the  Vienna  and  Hungarian  basin,  of  Poland,  and  the 
Superga,  near  Turin.  In  these  localities,  18  per  cent,  existing 
species  are  represented.  In  the  third  and  youngest  sub- 
division of  the  Tertiary  rocks  comprising  the  sub-Apennine 
formation  of  Italy,  the  marine  deposits  of  Greece,  and  the 
Crag  of  England,  there  are  52  per  cent  existing  species.  The 
still  younger  bivalve  banks  of  Uddewalla,  Sicily,  Nice,  etc., 
contain  96  per  cent,  existing  species.  The  complete  Tables  of 
Deshayes  were  published  in  the  year  1833  in  Lyell's  Principles 
of  Geology,  It  is  difficult  to  tell  in  how  far  Lyell  was  the 
originator  of  the  researches  so  brilliantly  carried  out  by 
Deshayes ;  the  distinguished  British  geologist  had  certainly 
devoted  special  attention  to  the  Tertiary  Molluscan  faunas 
during  his  early  journeys  in  Italy. 

Lyell  proposed  the  names  of  Eocene,  Miocene,  and  Pliocene 
for  the  three  sub-divisions  of  the  Tertiary  rocks  which  Deshayes 
had  established,  and  some  time  afterwards  he  suggested  that  the 
so-called  Diluvial  deposits  above  the  Teriiary  rocks  should  be 
termed  "Pleistocene."  Lyeirs  terminology  was  soon  universally 
adopted  in  geological  literature. 

Quite  independently  of  Deshayes  and  Lyell,  H.  G.  Bronn 
had  been  conducting  a  detailed  series  of  researches  on  the 
distribution  of  the  organic  remains  in  the  Italian  Tertiary 
rocks,  and  published  his  results  in  tabulated  form  in  the  year 
1 83 1.  The  learned  Heidelberg  palaeontologist  (cf.  foot-note, 
p.  364)  demonstrated  as  leading  principles  that  the  total 
number  of  the  genera  and  species  in  the  Tertiary  deposits 
increased  in  the  successive  horizons  of  deposit  from  the  lower 
to  the  higher,  and  that  the  number  of  extinct  species  diminished 
in  each  successively  younger  horizon,  while  the  number  of 
existing  species  became  proportionally  greater.  Applying  these 
principles  as  a  stratigraphical  basis,  Bronn  sub-divided  the 
Tertiary  deposits  of  Europe  into  two  groups,  the  older  of  which 
corresponds  almost  exactly  with  Lyell's  "Eocene"  formation, 
while  the  younger  or  upper  series  of  Bronn  corresponds  with 
Lyell's  "Miocene"  and  "Pliocene"  formation. 
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to  accomplish  in  the  British  area,  and  which  was  fulfilled  in  a 
manner  worthy  of  the  noblest  traditions  of  their  countryman, 
William  Smith. 

In  the  summer  of  1831  the  two  friends  began  their  investi- 
gations in  Wales  and  the  neighbouring  districts.  Sedgwick 
had  already  studied  the  Transitional  formations  in  the  Lake 
District  of  Cumberland  and  Westmoreland  between  1822  and 
1824,  and  had  disentangled  the  tectonic  structure  and  strati- 
graphy of  this  very  complicated  district,  although  his  sub-division 
of  the  formation  had  been  based,  in  the  absence  of  fossils,  merely 
upon  the  lithological  features  and  stratigraphical  relations.  The 
Cambridge  professor  in  1831  renewed  his  study  of  the  same 
formations  in  North  Wales,  in  the  neighbourhood  of  Snowdon, 
and  elucidated  the  tectonic  relations  of  the  rocks  with  admirable 
skill.  Unfortunately  the  scarcity  of  fossils  made  it  still  impos- 
sible for  Sedgwick  to  establish  palaeontological  sub-divisions. 
Murchison  was  more  fortunate.  While  his  colleague  was 
engaged  in  the  examination  of  the  oldest  group  of  the 
Transitional  series,  Murchison  began  his  investigation  of  the 
series  in  descending  order  from  the  upper  members  to  the 
lower.  He  examined  the  exposures  of  Old  Red  Sandstone  and 
the  rocks  immediately  below  it,  which  occur  on  the  eastern  and 
southern  borders  of  Wales. 

Murchison  found  fossils  in  abundance,  and  in  a  couple 
of  years  was  able  to  lay  before  the  Geological  Society  a  com- 
plete palaeontological  sequence  in  the  upper  portion  of  the 
Transitional  formations.  At  first  Murchison  had  called  these 
higher  members  examined  by  him  an  "  Upper  fossiliferous 
greywacke  series  " ;  but  in  the  year  1835,  in  compliance  with 
the  strongly  expressed  wish  of  Elie  de  Beaumont,  he  proposed 
the  name  "Silurian  System"  as  a  special  designation  for  the 
upper  members.  And  as  the  older  members  of  the  Transitional 
series  examined  by  Sedgwick  in  Cumberland  and  North  Wales 
could  not  be  identified  with  any  of  the  members  in  the  Silurian 
system  of  Murchison,  the  term  of  "Cambrian   Series''  was 

and  he  afterwards  continued  his  researches  in  Devonshire,  Germany, 
Helgium,  and  Russia.  In  1855  Murchison  succeeded  De  la  Beche  as 
Director  of  the  Geological  Survey  of  Great  Britain.  Murchison  was  one 
of  the  founders  of  the  British  Association,  twice  President  of  the  Geological 
Society,  and  for  many  years  President  of  the  Geographical  Society;  he  was 
also  a  recipient  of  the  Wollaston  medal ;  in  1866  he  was  created  a  baronet. 
Throughout  his  career  Murchison  took  a  distinguished  position  in  London 
society.     He  died  on  the  22nd  Octol^er  1871. 
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)art  older  than  the  greywacke  beds.  In  the  year  1836, 
Vfurchison  and  Sedgwick  proved  that  the  shales  belong  to 
he  Carboniferous  formation  and  repose  upon  the  true 
;reywacke  series  with  interbedded  conglomerates,  shales,  and 
ossiliferous  limestone.  The  whole  complex  of  strata  is  so 
trongly  compressed  and  folded,  and  the  rocks  show  such 
triking  metamorphic  features,  that  Murchison  and  Sedgwick 
)oth  were  of  opinion  they  must  be  of  Cambrian  age  But 
Lonsdale,  to  whom  the  fossils  were  entrusted  for  examination 
n  1837,  expressed  his  conviction  that  the  Killas  greywacke 
:omplex  must  be  younger  than  the  Silurian  system  and  older 
han  the  Carboniferous  system.  Although  at  first  a  little 
ncredulous,  after  a  careful  revision  of  their  sections,  the  two 
jeologists  accepted  Lonsdale's  conclusion,  and  together  wrote 
L  large  memoir  (1839)  on  the  newly-identified  system  of  strata, 
vhich  they  termed  the  "Devonian,**  between  the  upper 
>ilurian  and  lower  Carboniferous.  In  addition  to  the  grey- 
wacke series  in  Devon  and  Cornwall,  they  assigned  to  the 
Devonian  system  the  Old  Red  Sandstone  in  Scotland,  whose 
listribution,  thickness,  divisions,  and  fossils  had  been  the 
ubject  of  their  earlier  memoir  published  in  1828. 

Many  doubts  were  cast  upon  the  independence  of  this  new 
ystem,  and  Murchison  and  Sedgwick  resolved  to  test  their 
esults  by  means  of  comparative  researches  in  the  Continental 
listricts  where  the  Wernerian  "  Transitional  Series  "  had  been 
:hiefiy  studied.  The  two  friends  travelled  in  the  summer 
►f  1839  through  the  Rhine  district,  Westphalia,  the  Harz, 
Nassau,  Thuringia,  the  Fichtel  mountains ;  in  the  companion- 
hip  of  De  Verneuil,  they  also  travelled  in  Belgium  and  the 
leighbourhood  of  Boulogne.  In  1842,  Murchison  and  Sedg- 
rick  published  a  memoir  in  which  they  tried  to  show  that  a 
;reat  portion  of  the  shales  and  limestones,  as  well  as  the 
andstones,  greywackes,  and  conglomerates  exposed  in  the 
Ihineland  belonged  to  the  Devonian  and  Silurian  system, 
nd  that  in  the  Fichtel  mountains  Devonian  deposits  were 
)resent,  but  no  Silurian.  These  results  were  partially 
;rroneous  with  regard  to  the  Silurian  division,  since  the 
whole  of  the  lower  greywacke  series  in  the  Rhine  district 
was  said  to  be  Silurian,  and  the  Silurian  deposits  in  the 
Mchtel  mountains  were  entirely  overlooked.  Still,  the  in- 
estigations  of  the  two  British  geologists  proved  incontestably 
hat   there   lay  between   the   Carboniferous   system   and   the 
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different  from  those  of  the  Lower  Silurian,  and  that  the 
Cambrian  system  was  identical  with  the  Lower  Silurian. 
Murchison  made  known  this  opinion  for  the  first  time  in  a 
Presidential  Address  which  he  delivered  at  the  Geological 
Society.  Sedgwick  was  deeply  hurt,  and  immediately  began 
(1842  and  1843)  a  new  investigation  of  Wales,  in  which  he 
was  assisted  by  the  palaeontologist  Salter.  In  1852,  he  upheld 
the  independence  of  the  Cambrian  series,  contending  that 
under  the  Llandeilo  of  Murchison,  which  he  recognised  from 
the  identity  in  the  fossils  to  be  contemporaneous  with  the 
Bala  Beds  and  designated  Upper  Cambrian^  there  was  another 
complex  of  strata  about  10,000  feet  in  thickness.  In  this 
complex,  Sedgwick  distinguished  two  main  divisions,  the 
Festiniog  and  Bangor  groups,  with  the  subordinate  members 
Arenig  flags  and  shales,  Tremadoc  slates,  Lingula  flags,  Har- 
lech grits  and  shales,  and  Llanberis  shales. 

Murchison  was  not  persuaded  by  Sedgwick^s  results,  and 
demanded  a  palaeontological  foundation  for  the  Cambrian 
system.  In  the  year  1854,  a  somewhat  shortened  and  com- 
pletely re-modelled  edition  of  the  Silurian  System  appeared 
in  octavo  form,  under  the  title  Siluria.  Murchison  in  this 
edition  treated  the  "  Cambrian  Series  "  merely  as  a  local  facies 
of  the  Lower  Silurian  division,  and  set  aside  its  claims  to  be 
regarded  as  an  independent  system.  Murchison's  Siluria 
begins  with  the  oldest  fossiliferous  deposits  in  Wales  (the 
Longmynd  group)  and  provides  in  ascending  order  a  detailed 
description  of  the  Silurian,  Devonian,  Carboniferous,  and 
Permian  systems  in  England,  concluding  with  a  comparative 
account  of  the  corresponding  formations  in  the  other  parts  of 
Europe  and  North  America. 

The  members  of  the  Geological  Survey,  to  whom  the  in- 
vestigation of  Wales  was  entrusted,  followed  the  views  of 
Murchison,  the  Cambrian  system  disappeared  from  the  official 
maps,  and  the  colour  for  Silurian  rocks  was  carried  over  the 
whole  of  the  area  previously  allotted  to  the  Cambrian  system. 
Sedgwick,  embittered  by  the  want  of  recognition  for  his  Cam- 
brian system,  published  (1851-55)  a  large  work  on  the 
divisions  and  the  fossils  of  the  British  Palaeozoic  deposits, 
and  protested  in  strong  terms  against  the  views  held  by  his 
former  friend  and  fellow-worker  Murchison.  He  insisted 
upon  the  independence  of  the  Cambrian  system,  and  wished 
to   limit   the   Silurian   system   to  the   Ludlow  and  Wenlock 
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A.  Archaean  and  P^e- Cambrian  Rocks, — The  great  complex 
3f  gneiss  and  crystalline  schists  which  forms  the  basement  of  the 
eldest  fossiliferous  sedimentary  rocks,  and  had  always  since 
Werner's  time  been  divided  according  to  lithological  characters, 
was  imbued  with  new  interest  when,  in  1854,  William  Logan 
reported  the  presence  of  organic  remains  in  limestone  inter- 
bedded  with  the  ancient  gneiss  of  Canada.  The  Eozoon 
Canadensc  was  regarded  by  Sir  J.  W.  Dawson  and  W.  B. 
Carpenter  as  a  foraminifcral  genus,  and  the  supposed  complex 
of  Archaean  schists  and  gneiss  was  accordingly  placed  in  the 
series  of  sedimentary  formations.  Logan  (1863)  differentiated 
in  Canada  an  older  Laurentian  gneiss  formation  and  a 
younger  Huronian  formation  resting  upon  it,  and  chiefly 
composed  of  mica  schist  and  phyllite.  Giimbel  proposed  a 
similar  sub-division  of  the  basement  rocks  in  the  area  of  the 
"  Bavarian  Forest."  These  divisions  have  not,  however,  been 
verified  by  subsequent  researches;  in  some  parts  of  North 
America  it  has  been  demonstrated  that  the  Laurentian  grani- 
toid and  gneissose  masses  are  continuous  with  dykes  and  veins 
in  the  schists  and  phyllites,  and  these  intrusions  must  be 
younger  than  the  Huronian  series  into  which  they  have  forced 
their  way. 

The  organic  nature  of  the  "  Eozoon "  was  afterwards  dis- 
credited by  King,  Rowney,  and  Moebius  (cf.  p.  386),  but  the 
adherents  of  the  theory  of  descent  argued  the  strong  prob- 
ability of  the  occurrence  of  organic  remains  in  these  ancient 
pre-Cambrian  rocks.  And  now  and  again  other  evidences  of 
organic  life  are  found  in  the  ancient  schists  and  phyllites,  e.g,^ 
worm-burrows,  sponge  spicules,  and  traces  of  Algae  or  Proto- 
zoa. Geologists  have  succeeded  in  areas  where  there  has  been 
a  relatively  small  degree  of  metamorphism  in  determining  a 
general  chronological  succession  in  the  Archrean  rocks.  But 
in  countries  of  repeated  crust-disturbances  and  great  regional 
metamorphism,  the  task  is  much  more  difficult  and  compli- 
cated, although  it  has  frequently  been  attempted.  Hicks 
(1877)  distinguished  in  Wales  and  Scotland  four  divisions, 
Lewisian^  Dimetian^  Atvonian,  and  Pebidian ;  A.  Nathorst,  in 
Sweden,  differentiated  three  formations,  a  Lower  Z?a/ forma- 
tion, a  Middle  Aimesakra  formation,  and  an  Upper  Wisingso 
formation. 

In  the  year  1892,  Van  Hise  published  an  exhaustive 
account  of  the  pre-Cambrian  formation    in    North  America^ 
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B.  Cambrian  and  Silurian  Sysiem, — Almost  contemporane- 
ously with  SedgwicVs  and  Murchison's  famous  researches  in 
European  areas,  North  American  geologists  were  extending  the 
knowledge  of  the  vast  tracts  of  older  Palaeozoic  rocks  in  North 
America. 

Between  181 8  and  1832,  A.  Eaton  published  a  series  of 
pamphlets  wherein  he  erroneously  compared  the  sedimentary 
deposits  in  the  east  of  the  United  States  with  the  Mesozoic 
formations  in  Europe.  Vanuxem  in  1829  proved  that  the 
deposits  in  the  east  of  the  United  States  belonged  exclusively 
to  the  "Transitional"  series.  In  the  following  decade 
geological  survey  departments  were  established  in  several  of 
the  eastern  and  southern  states,  after  the  model  of  the  British 
Geological  Survey,  and  this  g^ve  a  strong  impulse  to  the 
development  of  Geology  and  Palaeontology  in  North  America. 
In  New  York  State,  the  official  surveys  were  commenced  in  the 
year  1836,  and  the  survey  department  was  divided  into  four 
independent  sections.  The  South-Western  Section  was  placed 
under  the  direction  of  Lieutenant  Mather,  the  North-Eastern 
under  Professor  Ebenezer  Emmons,  the  Middle  Section  under 
Conrad,  and  the  Western  Section  under  Vanuxem,  who  had  been 
trained  in  Paris.  In  1837  Conrad  retired  from  active  field-work 
on  account  of  his  health,  and  devoted  himself  to  palaeontologi- 
cal  work.  Vanuxem  replaced  him  as  director  of  the  Middle 
Section,  and  J.  Hall  was  given  the  Western  Section. 

Emmons,  in  1842,  published  the  general  results  obtained  in 
the  North-Eastern  district,  which  in  a  large  measure  is  com- 
posed of  crystalline  plutonic  masses,  gneiss,  and  crystalline 
schists.  Among  the  sedimentary  deposits,  the  **  transitional" 
series  has  the  widest  extension.  Emmons  applied  local  names 
to  the  several  divisions,  calling  the  main  complex  of  Palaeozoic 
rock  the  "  New  York  System,"  and  sub-dividing  it  into  four 
members  irrespective  of  European  classificatory  groups — i, 
Champlain;  2,  Ontario;  3,  Helderberg;  and  4.,  Erie  Group. 
According  to  Emmons,  the  New  York  system  was  succeeded 
by  the  Old  Red  system,  and  rested  upon  the  Taconic  system. 
The  latter  reposed  on  the  crystalline  schists,  and  was  said 
to  consist  of  an  unfossiliferous  complex  of  slates,  flagstones, 
limestone,  and  quartzite  attaining  a  thickness  of  about  25,000 
feet.  The  unfossiliferous  complex  was  strongly  contorted  and 
disturbed,  whereas  the  deposits  of  the  New  York  system  were 
almost  horizontal. 
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The  report  of  Vanuxem,  published  in  (he  same  year  (1841), 
took  the  same  general  standpoint  as  that  of  Emmonf,  bat 
Vanuxem  extended  the  name  of  New  York  system  so  3%  to 
include  the  Old  Red  Sandstone.  Mather  ( 1 843)  in  his  ofEcial 
leport  protested  against  the  independence  of  the  Taconic 
system,  contending  that  it  was  a  strongly  m eta morph used 
representative  of  the  Champlain  group.  In  this  view,  Mathijr 
was  supported  by  Hitchcock,  Rogers,  Dana,  and  J.  Halt.' 
The  report  by  Hall  (1843)  gave  an  admirable  ex{>osition 
of  the  three  upper  divisions  of  the  New  York  system.  The 
subordinate  groups  proposed  by  Vanuxem  and  Conrad  were 
for  the  most  part  accepted,  and  a  few  additional  groups 
were  introduced,  so  that  the  New  ^'ork  system  (exclusiw 
of  the  Old  Red)  was  now  sub-divided  into  twenty-nine 
groups. 

Hall  made  a  comparison  between  the  pateontological 
sequence  in  these  groups  and  the  sequence  that  had  been 
worked  out  by  Murchison  and  Sedgwick.  For  the  6ve  lower 
groups  (From  the  Potsdam  sandstone  to  the  Trenton  limfstonf) 
H.iU  could  adduce  no  British  equivalent;  the  Utica  sl.itL-s 
were  compared  with  the  Llandeilo  slates  (Lower  Silurian)  of 
-Murchison  ;  the  groups  from  the  Hudson  river  beds  and  the 
Clinton  t;ioup  were  said  to  be  equivalent  with  the  Caradoc  or 
ISala  shales  ^nd  flagstones;  the  groups  from  the  Niagara  beds 
to  the  Corniferous-Limestone  group  were  comp.ired  with  the 
Wenlock  shales  and  limestones  :  and  the  str.iia  from  the  Mat- 
cellus  and  Haniilloii  groups  to  tiie  Chemung  group  uere 
regarded  as  the  equivalent  both  of  the  uppermost  or  Ludlow 
division  of  the  Silurian  system  and  of  the  Devonian  system. 
Each  of  Hall's  groups  is  very  accurately  characterised  accord- 
ing to  slraiigrapliical,  litliological,  and  pala;ontolof;ical  features. 
And  as  the  strata  in  the  area  examined  by  Vanuxem  and  Hall 
follow  almost  everywhere  in  horizontal  or  gently  inclined 
position  without  any  ajipreciablu  tectonic  disturlwnces,  the 
sub-divisions  erected  by  these  geologists  have  undergone  little 
subsecjuent  modifi<ation.  Some  lime  later,  Hall  described 
in   a  series  of  handsomely-illustrated  volumes  the    Palxo/oic 
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fossils,  not  only  of  State  New  York  but  also  of  a  large  portion 
of  North  America. 

Contemporaneously  with  the  investigations  in  New  York 
State,  the  two  brothers  Rogers  (cf.  p.  304)  were  directing  and 
(participating  in  the  survey  of  Pennsylvania  and  Virginia. 
There  also  it  was  found  that  the  Palaeozoic  deposits  were 
exposed  over  wide  areas,  and  the  stratigraphical  succession  was 
determined.  But  Edouard  de  Verneuil,  who  travelled  in  North 
America  in  the  year  1846,  was  the  first  to  institute  a  more 
detailed  comparison  between  the  relations  of  the  American 
and  the  European  "Transitional"  formation.  Verneuil  drew 
up  a  table  of  the  parallel  palaeontological  horizons  in  the  two 
regions,  and  established  a  line  of  division  between  the  Silurian 
and  the  Devonian  systems  in  North  America.  Some  time 
later,  J.  J.  Bigsby  published  a  very  exhaustive  and  lucid 
synopsis  of  the  New  York  system  in  comparison  with  the 
parallel  formations  of  Europe  {Quart,  Journ.  GeoL  Soc, 
1858). 

The  Taconic  system  continued  to  be  ignored  by  the  leading 
geological  authorities  in  North  America,  notwithstanding  that 
Emmons  published  a  very  able  book  on  the  subject  in  1844, 
affording  strong  evidences  of  the  wide  extension  of  the 
Taconic  system  in  the  New  England  States,  and  its  independ- 
ence of  the  Champlain  group.  In  Washington  County,  more- 
over, the  first  Taconic  fossils  were  discovered  (two  Trilobite 
species,  Graptolites  and  Nereites),  and  proved  to  be  quite 
different  from  any  known  Palaeozoic  forms.  Further  dis- 
coveries of  fossils  followed,  and  these  were  described  and 
figured  by  Emmons ;  he  also  traced  the  Taconic  system  in 
Pennsylvania,  Virginia,  and  Georgia.  But  as  Hail,  Dana, 
Logan,  and  other  geologists  continued  obstinate  in  their  view 
regarding  the  identity  of  the  Taconic  and  the  Champlain 
groups,  a  hot  polemical  discussion  ensued  and  dragged  itself 
through  the  following  decades. 

In  the  year  i860,  the  European  authorities  Barrande  and 
Marcou  began  to  take  part  in  this  discussion  among  the 
American  geologists,  supporting  Emmons  in  his  view  that  the 
Taconic  system  was  an  independent  formation  containing  a 
primordial  fauna.  Marcou  wrote  a  series  of  papers,  wherein 
he  advocated  that  the  term  "Taconic  System"  should  replace 
the  disputed  name  of  ** Cambrian  System"  for  the  primordial 
group   of  rocks;    that   the   name   of    Cambrian    System    be 


-■:k  and  Ltuftav 
■^  josaali  ascribtd 
^c^gvidc's  Upptt 

-:  (atmit,  ■hocu 
FaiRKmi  in  ihe 


strwf 


I:  «  faisdr  dv  to  l^«n  —  "T*-  ihit  ibe  BBne  of  "Cjud- 


;W-i.,  f.r  t:,^:  tor:::  i-x  .f  >::^:a  «);:,.::  had  U-cn  variou-lv 
■:ff:,...l  l/,w:;r  ^;L::a-  cr  Uri^r  Ca:r;>r;ari.  Ui'ivottli's  .ic- 
j^'.!]  ro^'^ir'.li  and  in;::i.a:-j  knowivJ^e  &:'  the  j:niup  !^'d  him 
■.  (ill:  '»iiJjiJon  ihat  it  =!;'ju'.d  bt  r.iiikvJ  as  an  i[iilv[)L-mii.-tu 
;.M'j(ii,  ;.s  il  wa,  diatin-uisheJ  from  lim  rotks  abuvt  aiiii 
I'  U.A-,  ii',t  orily  liy  llit  otcurrtiici.-  of  diiiiiict  fi-'S^il   typLj   bul 

■,  r>.:.liti,r:iit..ty  Series.     Tliu  Ordovician  system  lus  Wen  sui-- 
ivi'l'-'l    ljy   i,;i|irtottli   iij>on   pakeuiitolo^ical   grounds   into   a 
.o«.t   Of.lovii:iati   ur  Aic-iii'^   sltIos,   a    Sliddie   Ordovitian   or 
.l..ii.l<ilo  Mii.K,  ar)(l  an  L"i>i>cr  Orduvician  or  li.ila  series, 
A  r.ii<:vv,  d  invi'Miyaiiori  of  i;n)nions'  dislnn  in  iln:  UniiLd 


STRATIGRAPHICAL  GEOLOGY.  445 

>tates  was  undertaken  by  C.  D.  Walcott,  whose  results 
ihowed  that,  as  Emmons  had  contended,  the  Taconic  system 
vas  a  weU-developed  complex  of  strata  below  the  Potsdam 
>andstone,  and  containing  an  exclusively  primordial  fauna. 

Walcott  then  went  to  survey  in  the  Far  West,  where 
jilbert  and  Hague  had  described  Cambrian  deposits  in  the 
ilureka  district  of  Nevada.  In  several  important  publications 
1884-90)  Walcott  has  elucidated  with  full  details  the  exten- 
ion,  lithological  character,  stratigraphical  relations,  sub- 
livisions,  and  fauna  of  the  Cambrian  system  in  North 
Vmerica. 

The  ** Transitional  Rocks"  in  the  vicinity  of  Prague  had 
'ery  early  attracted  the  attention  of  collectors  and  geologists 
m  account  of  the  profuse  abundance  of  fossils,  and  these  had 
)een  made  the  subject  of  palaeontological  memoirs  by  Born, 
3ount  Sternberg,  Beyrich,  Emmrich,  Corda,  and  others.  The 
irst  geological  work  of  note  in  this  district  was  accomplished 
)y  Joachim  Barrande.^  By  his  life's  devotion  to  the  cause  of 
esearch,  this  quiet,  retiring  geologist  made  Bohemia  classic 
;round  for  the  study  of  the  oldest  fossiliferous  formations. 

In  the  year  1846  Barrande  published  a  short  account  of  the 
Bohemian  Silurian  basin.  He  described  its  structure  as  con- 
isting  of  a  number  of  stages  {ilfages\  which  he  designated  by 
he  letters  A  to  G.  The  succession,  stratigraphical  position, 
ind  the  fossil  contents  were  determined  with  the  utmost  pre- 
;ision,  and  a  comparison  was  instituted  between  the  Bohemian 

*  Joachim  Barrande,  born  on  the  nth  August  1799,  in  Sangues  (Haute 
X)ire),  was  educated  in  Paris,  and  intended  to  be  an  engineer,  but  left  Paris 
ti  1820  with  the  banished  Royal  Family  of  France,  following  them  at  first  to 
England  and  Scotland,  and  then  to  Bohemia.  In  the  year  1831  he 
>ecame  tutor  to  Prince  Henry  of  Chambord,  with  whom  he  continued  in 
itimate  relations  all  his  life  as  the  administrator  of  the  Prince's  property, 
ifter  relinquishing  his  post  of  tutor,  Barrande  devoted  himself  to  the 
eological  and  palaeontological  investigation  of  the  Silurian  basis  of  Bo- 
lemia.  He  acquired  an  unrivalled  collection  of  fossils:  no  trouble  was 
pared  to  secure  the  spoils  of  the  rocks :  quarries  were  opened,  workmen 
ngaged,  collectors  kept  constantly  occupied  and  carefully  trained,  until 
Jarrandc's  collection  in  Prague  became  the  admiration  of  the  geological 
mrld.  His  private  life  was  uneventful.  He  lived  quietly  and  simply, 
nd  the  only  interruption  to  his  monotonous  existence  was  when  he  under- 
ook  some  longer  journey  for  the  sake  of  comparing  his  fossils  and  his 
tratigraphical  results.  He  had  considerable  private  means,  which  he 
Imosl  entirely  sacrificed  to  his  scientific  requirements.  He  died  in 
)ctol)er  1883,  at  Count  Chamlwrd's  estate  of  Frohsdorf.  Barrande 
bequeathed  his  valuable  fossil  collection  to  the  Bohemian  Museum. 
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and  the  Brittsb  Silurian  deposils.  This  preliminary  work  wa  j 
foDoved  in  the  year  1851  by  ihe  first  volume  of  his  gKH  woA  1 
CIO  tbc  &liirun  system  in  Bohemia,  a  worV  which  sUn& 
slmosl  unrivalled  in  pobeontological  literature.  Ftom  the  ytx 
1852  to  the  year  of  his  death,  1SS5.  Bamndc  continued  the 
work  and  produced  twenty-lwo  tbkk  quarto  volumes  <i(h 
t,|{io  woodeffully  prepared  plates  depicting  the  com^dete 
bum  of  tbc  Silarian  bssin  to  Bohemia.  He  bequeUfatd 
means  in  order  that  the  work  should  be  continued  to  the  end. 
A  geologica]  Introduction  in  tbc  hrat  volume  gives  a  veq 
careltil  descriptioD  of  the  geotogy  of  the  area.  According  to 
Bamnde,  the  stages  A  and  B  are  "Azcnc,"  and  comprise  ai 
the  base  aystalliae  scbisis  repoang  on  granite  aiMl  gncis^  and 
above  the  scbbts,  unlossilifeTOiis  gieywadkes,  slates,  and  shales. 
Stage  C  contains  the  oldest  (Cambrian)  "Primordial  launfl." 
wboinn  peculiar  Trilobiie  genera  predominate.  Stage  D  coo- 
tains  the  second  distioct  fauna,  the  equii'aJeni  of  the  !.owc( 
Silurian  ^uaa  in  the  Uandeilo  and  Caradoc  series  of  Wa\ct, 
:~.c  t.'"~.\T:-r'ain  i;TC-jr>  of  North  .Xnifrica,  the  Orthoccras  Limi.- 

\v;-  :,>  :-.;-<,  :-..-Ti.■o,^s.  .\  to  1\  are  chiefly  greywackes  anJ 
?■■.:",>,  :"-,  >  ;r;r  <:.-i^e>,  E  10  G,  are  pre-eminently  calcareou- 
>:.:^,  K  :s  c: ;;■";.: 'shed  by  an  escepiionally  ndi  fauna, 
■.:,  ■:  -■..:  iv,;"-  ::-e  \Vi;;:,\;k  fa->;na  in  the  Dritish  area.  Stages 
V  .v.;  1.1  .\-,'  Aiir.irLOUN  s:j;e  H  tompriscs  soft  s!iak-s:  in  thtst' 
: --.v  -:.:^,s  v\;,-"r..-L!.-p(.\i  arj  r:<h  remains  are  the  most  fretjutni 
r.v-  '..  K. :  ;'r:j  uuT^a  Fv.;rra::c->'  could  not  find  anv  eqiiivaknt 
■  :■,■  ■■.i:.v,-  -,:-:ja:  i<-.:ue:;ce  ot' the  Driiish  Silurian  d.>|>o;lt', 
:%::  :•,  .1.^;:^,;  :~;-  ^^cle  co::i;ve\  K  to  H  to  I'pper  Silurian. 
.:■■,'.  t,^,;:.:l>:  :;  .;=  ,;  :.  -.tu  O-.;-.-."^-:  uuiia  in  the  [lai.eontolo^icai 

W:-:..  ';v-.r---;.,-  i,,-o_--.f.d  im  (undamenlal  aqrecmenl 
■v:>.,v:-  :■.  S.;.:ru:i  r:.-:^:;>  ^ct^rmitied  by  him  in  Bohemia 
.:■■.!  ;:-.,\i,-  .:"  v.:.;*  o:-S5.-:\cd  in  o;h..T  areas,  be  remarked  on  the 
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several  geologists,  amongst  others  by  Krejci,  Lipoid,  Marr, 
I^pworth,  and  a  controversy  began  which  continued  from 
1859  to  1 88 1.  The  contention  of  Barrande^s  opponents  was 
that  the  colonies  had  been  brought  into  their  apparently 
paradoxical  position  by  tectonic  disturbances  of  the  rocks, 
whereby  certain  layers  of  rock  had  been  sliced  and  fragmented, 
and  slices  of  them  had  been  carried  into  new  positions  during 
the  crust-movements.  Several  geologists  differed  from  Barrande 
about  the  age  which  he  had  ascribed  to  some  of  the  Bohemian 
deposits.  Marr  thought  the  Azoic  stage  B  of  Barrande  repre- 
sented a  Cambrian  deposit,  and  Emmanuel  Kayser,  judging 
from  his  own  study  of  the  oldest  Devonian  deposits  in  the  Harz 
mountains,  thought  Barrande*s  stages  F,  G,  and  H  were  not  of 
Upper  Silurian  age,  but  belonged  to  the  Devonian  system. 
The  Harz  fossils,  which  had  been  described  by  Beyrich  and 
Lossen  as  a  **  Hercynian  stage,"  closely  resembled  these  fossils 
in  the  upper  horizons  of  the  Silurian  series  in  Bohemia,  and 
Kayser  removed  this  fauna  altogether  from  the  Silurian 
sequence  and  described  it  as  Lowest  Devonian.  Many  of 
the  best  authorities  on  Palaeozoic  faunas  have  subsequently 
corroborated  Kayser  regarding  the  Devonian  type  of  the  fauna 
in  Barrande^s  higher  stages. 

The  Silurian  system  in  Sweden  was  sub  divided  palseonto- 
logically  by  Angelin  in  1854  into  eight  groups,  the  lowest  of 
which  he  called  Regio  L  Fucoidarum,  and  the  succeeding 
seven  stages  also  received  distinctive  names  according  to  the 
typical  Trilobite  genus.  All  the  Trilobite  genera  occurring  in 
Sweden  were  described  m  Angelin's  works  (1852  and  1854). 
The  more  recent  memoirs  by  Lindstroni,  Linnarson,  Nathorst, 
Tullberg,  and  Holm  have  supplemented  and  improved 
Angelin's  researches. 

The  Norwegian  Palaeozoic  deposits,  described  in  the  early 
years  of  the  nineteenth  century  by  Leopold  von  Buch,  as 
well  as  by  Hausmann  and  Keilhau,  were  revised  by  Kjerulf 
(1855-57)  and  arranged  in  palaeontological  sequence  after  the 
model  of  the  British  "  Silurian  "  district.  Newer  memoirs  have 
been  contributed  by  Broegger  (1882)  and  Kiar  (1897). 

The  Palaeozoic  deposits  in  the  Baltic  Sea  provinces  of  Russia 
were  first  examined  by  Strangways  (18 19),  and  were  made  the 
subject  of  special  researches  by  Pander  and  Kutorga.  Murchi- 
son  recognised  Silurian  and  Devonian  strata  during  his  visit  to 
that  area,  and  Pander  afterwards  gave  excellent  descriptions  of 
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vo  main  groups:  (i)  Older  argillaceous  and  arenaceous  grey- 
acke ;  (2)  younger  calcareous  formations.  Whereas  Murchi- 
)n,  Sedgwick,  and  Dumont  had  regarded  the  older  greywacke 
implex  as  Silurian,  Roemer  referred  it  to  the  Devonian  epoch 
id  identified  it  with  the  Terrain  Ardoisier  and  the  lowest 
i vision  of  the  Terrain  Anthraxif^re  of  Dumont.  The  fossili- 
rous  limestones  of  the  Eifel,  Aachen,  Bensberg,  Elberfeld, 
id  adjacent  areas  were  identified  by  Roemer  with  the  /awer 
mestone  group  of  the  Terrain  Anthraxif^re,  and  the  lime- 
ones  in  Devonshire  and  Cornwall.  He  distinguished  as  an 
^/er  member  of  the  group  Anthraxif^re  certain  fine  shales 
id  greywackes  (Lenne  shales),  between  Elberfeld  and  the 
ieg  and  from  Iserlohn  to  Waldeck,  which  Murchison  had 
jferred  to  the  Silurian. 

The  Palaeozoic  formations  in  Nassau,  which  Murchison  and 
edgwick  had  ascribed  to  Silurian  and  Devonian  epochs,  were 
towards  determined  by  Beyrich  and  Roemer  to  be  exclusively 
Devonian.  The  brothers  Guido  and  Fridolin  von  Sandberger 
lade  a  special  study  of  the  district,  and  in  1847  comprised 
le  strata  under  the  term  "Rhenish  System."  They  sub- 
ivided  the  system  into  three  groups — a  lower  complex  of 
reywacke,  Taunus  shales,  and  Wissenbach  slates ;  a  middle 
Dmplex  of  Stringocephalus  limestone,  dolomite,  and  Cypridina 
lales ;  an  upper  complex  of  Posidonomya  shales.  The  fossils 
f  the  Rhenish  system  were  admirably  described  by  the 
rothers  Sandberger  in  a  monograph  published  from  1850  to 
856. 

The  works  contributed  by  Dumont  and  Gosselet  on  the 
alaeozoic  rocks  in  Belgium  provided  a  thorough  groundwork 
f  research  in  that  area.  Dumont  in  1848  sub-divided  the 
'errain  Ardennais  into  three  groups — Devillien,  Revinien,  and 
almien ;  similarly,  the  Terrain  Rhenan  into  three  groups — 
^dinnien,  Coblentzien,  and  Ahrien  ;  and  the  Terrain  Anthrax- 
hre  above  the  Terrain  Rhenan  into  three  groups — Eifelien, 
!ondrusien,  and  Houiller.  Dumont  took  little  trouble  to  draw 
comparison  between  these  sub-divisions  which  he  erected  for 
le  Belgian  area  and  the  palreontological  groups  which  had 
een  determined  in  other  countries.  He  was  strongly  of 
pinion  that  the  same  fauna  never  extends  over  the  whole 
irth,  that  there  had  in  all  epochs  been  definite  geographical 
ingdoms  of  plants  and  animals,  and  that  consequently  the 
>ssil   contents   of  rocks   could   only  be   used   with  extreme 
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of  the  Carboniferous  system  into  two  main  groups,  in  the  way 
that  had  been  proposed  by  D'Omalius  d'Halloy,  was  ahnost  uni- 
versally accepted,  and  on  the  suggestion  of  Dechen  the  upper 
group  was  very  often  called  the  Productive  Coal-formation, 

With  the  fauna  and  palaeontological  sub-division  of  the 
Carboniferous  limestone  De  Koninck  occupied  himself  for 
more  than  fifty  years.  His  monographs  of  the  fossil  fauna 
of  the  Belgian  Carboniferous  limestone  (1842-44),  together 
with  MacCoy's  work  (1844)  on  the  fossils  of  the  Irish  Car- 
boniferous limestone,  and  the  somewhat  older  monograph  by 
J.  Phillips  (1836)  on  the  Yorkshire  Carboniferous  limestone,  are 
still  the  basis  of  all  European  research  on  the  faunas  of  the 
Carboniferous  limestone.  De  Koninck  began  a  revision  of 
the  Belgian  fauna  (1878-88),  but  unfortunately  this  handsomely 
illustrated  work  was  not  completed.  In  his  first  monograph 
De  Koninck  drew  attention  to  the  difference  of  the  faunas  at 
Tournay  and  Vis^  and  thought  it  might  be  explained  on  the 
assumption  that  they  had  belonged  to  two  separate  basins  of 
deposition.  Afterwards  he  ascribed  the  limestone  of  Vis^  to  a 
slightly  earlier  period  than  that  of  Tournay,  whereas  Dumont 
had  in  1830  supposed  the  strata  of  Tournay  to  be  the  older 
group. 

Gosselet  in  i860  distinguished  three  divisions  of  the  lime- 
stone: a  Lower  group,  with  Spirifer  Tornaceusis  as  the  leading 
fossil  type ;  a  Middle  group,  with  Spirifer  cuspidatus  and 
Goniatites  spharoidalis  as  the  typical  fossils ;  and  an  Upper 
group,  with  Froductus  giganteus  and  undatus  as  the  typical 
fossils.  The  palaeontological  researches  of  Dupont  (1865-71) 
have  confirmed  Dumont's  view  regarding  the  relative  age  of  the 
Carboniferous  limestone  at  Vise  and  at  Tournay,  showing  that 
the  Tournay  limestone  is  the  older. 

In  England,  Phillips  had  sub-divided  the  Carboniferous  lime- 
stone of  Yorkshire  into  three  groups :  (a)  a  Ix)wer  series  of 
Limestone  Shales  or  Sandstones;  (b)  a  Middle  series,  represented 
by  the  Mountain  Limestone^  2000  feet  thick,  and  containing  a 
rich  marine  fauna;  and  (c)  an  Upper  series,  called  the  Yoredale 
Beds  of  limestones,  shales  and  sandstones,  and  occasional  local 
coal-seams.  In  the  Harz,  in  Thuringia,  in  the  Fichtel  moun- 
tains, the  Sudeten  mountains,  and  in  the  Rhine  provinces,  the 
Carboniferous  limestone  division  is  almost  wholly  represented 
by  the  mixed  Culm  facies  of  shales,  greywackes,  flagstones,  and 
thin  beds  of  limestone. 
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Ferdinand  Roemer  in  1870  gave  an  accurate  description  of  the 
coalfields  in  Upper  Silesia,  and  in  1882  Schiitze  published  an 
account  of  the  Lower  Silesian  and  Bohemian  Coal  deposits. 
The  Saxony  district  was  examined  by  H.  B.  Geinitz  (1856), 
who  tried  to  determine  two  palaeontologically  distinct  zones  in 
the  Productive  formation,  a  lower  zone  exhibiting  chiefly 
Sigillarian  remains,  and  an  upper  with  Calamites  and  ferns  in 
greater  profusion.  A  similar  sub-division  was  attempted  by 
E.  Weiss  for  the  Coal  Measures  of  the  Saar  basin,  and 
Schiitze  and  Stur  also  recognised  sub-divisions  of  the  Coal 
Measures  in  Hungarian  districts  But  these  sub-divisions  can 
at  the  most  have  a  local  value ;  geologists  agree  that  the  fossil 
flora  of  the  Coal  Measures  cannot  admit  of  any  general 
palaeontological  sub-division,  as  it  presents  a  remarkably 
uniform  character  throughout  all  parts  of  the  world. 

E.  Permian  System, — The  youngest  system  of  the  Palaeozoic 
epoch  has  played  a  noteworthy  part  in  the  history  of  Strati- 
graphy. The  industrial  importance  of  the  copper  slate  and 
the  metalliferous  "  Zechstein "  group  in  Germany  secured  it 
the  attention  of  mineralogists  for  many  centuries.  The  copper- 
bearing  deposits  and  the  Coal  Measures  formed  the  chief 
kernel  of  Werner's  Flotz  formations  (ante^  p.  58),  and  were 
selected  by  the  earliest  German  stratigraphers,  Lehmann  and 
Fiichsel,  for  extended  field  examination.  The  recognition  by 
these  stratigraphers  of  a  definite  series  of  lithological  sub- 
divisions, together  with  their  representation  of  the  field- 
outcrop  of  these  sub-divisions  upon  good  maps  may  be 
regarded  as  the  starting-point  in  Germany  of  the  present 
methods  in  stratigraphical  research.  Fiichsel  and  Lehmann 
tabulated  the  complete  succession  of  the  rocks  now  known  as 
Permian,  from  the  Red  Underlyer  or  basal  series  of  coarse 
conglomerates,  shales,  and  sandstones,  to  the  uppermost  beds 
of  limestone,  dolomite,  and  marls  in  the  ** Zechstein"  or 
mine-stone  series.  At  that  time  the  Zechstein  series  of  Central 
Germany  was  not  unnaturally  confused  with  the  stupendous 
masses  of  limestone,  dolomite,  and  interbedded  marls  in  the 
Alps  and  Jura  mountains,  and  the  apparent  lithological 
resemblance  of  the  series  was  the  source  of  the  mistaken 
conception  held  by  early  Alpine  geologists  regarding  the  age 
of  the  so-called  "Alpine  limestone"  and  "Jura  limestone." 

In     England,   Conybeare    and     Phillips    identified    quite 
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conedly  ite  geotegial  age  of  tbe  Alagne^an  UiiKstoDC  and 
ifae  Red  Coa^ooKata  of  Devooshine  with  the  lliuringiao 
ZeAstoa  ^vop  and  the  R«d  Uoderlyet  series  rcspectirely. 

Frgiesfefaeo,  to  1S07,  gate  an  ntcellent  syslematic  descnpu<m 
of  aB  tbe  sediiBentMy  locks  of  Tbnringia  between  the  Red 
Voderijer  and  tbe  MnscfaeHEalk,  comprisit^  the  whole 
sBccHaoo  nnder  the  name  of  Kmpferttkitffr  Gtbirgt  {Copper 
Sitte  Series).  ITOnufios  d*HxIlo)r  io  180S  tenned  the  same 
fwiHiiei  Ttrwmn  I^rnkm^  ioiending  to  give  expression  to  the 
pHMJiy  of  fbssSs  in  Ihe  nx:ks.  AAenraids.  in  tbe  Kcond 
ediMBfifl>s£faMM*j(rrGflw&SM(iS54),  D'Omalius  d'Halloy 
coniaed  llae  tenn  "Tonua  Peahen"  to  the  Red  Undcrlyer, 
CopfMr  ^ihie\  and  Zedntcin  groups,  and  (ransferred  the 
Bafta-  Sao&iaoes  «b  Ibe  MtBchelkalfc  and  Kcuper  series  to 
tbe  T^mx,  a  iliili|,iiiiliiai  tot  tbese  three  younger  focmations 
whicfa  bad  been  intniduced  by  Alberti. 

la  1841,  Uiin:b>na  ret-eakd  the  fact  that  a  diverse 
h^olopcal  acnes  of  looks,  identkai  in  a^  with  the  Red 
Vnderlywaad  Zechstein,  covered  ^-ast  areas  in  the  province  of 
i'lrr.;  a-.^  :r.  tr.s  Ea5:=m  region  of  European  Russia,  and  said 
Kjsrr.i  r^ui;  Ix*  ri-frarded  as  the  typical  district  for  these 
icr~a;:,':^i.  He  ihsrefote  proposed  to  give  to  the  formations 
in  ".Ji*::,-:;  '."-e  r.ar.:e  of  I'irK-ai  Syslem,  and  cl.issified  ihe 
svs:;-'.  -ij  :>.e  yj-u'^;?*:  member  of  the  Falxozoic  succession. 

rr.:i  t;j~e  rjr:d!y  liiir'aced  IVH.iIloy's  designation  of  I'errain 
re:-etT,  a"  ;he  trOTC  is  Geinitz  and  C.utbier,  in  their  admirable 
tnor.o^Tarr;  >  :  S^S-^O'  on  the  fossils  of  the  German  ZechsiL'in 
arid    ked    lixuriu-r.  *:ron-!>-   recommended    the    name    of 

■  IVrnTUT!  ^yi:cm  "     On  the  other  hand,  Marcou  objected  to  the 
•  protx'*i\i  by  Muri.h;son.  on  the  plea  that  many  of  the 
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therefore  suggested  the  name  of  Dyassic  as  a  more  suitable 
general  term  than  Murchison's  name  derived  from  the  Perm 
province.  He  further  proposed  to  associate  the  Dyas  and 
Trias  as  members  of  one  great  period  in  the  geological 
succession,  equal  in  rank  with  the  next  older  Silurian  and 
Devonian  or  greywacke  period,  and  with  the  next  younger 
Jurassic  and  Cretaceous  period.  H.  B.  Geinitz  (1861-62) 
adopted  Marcou's  term  of  Dyas  for  the  Permian  system,  and 
at  the  present  day  both  names  are  usually  given  in  the 
text-books. 

The  Dyassic  deposits  in  the  Saar  and  Rhenish  district  were 
investigated  in  detail  by  E.  Weiss  (1869-72),  who  proved 
the  palseontological  identity  of  the  Fish,  Amphibian,  and 
Plant  remains  in  the  Lebach  strata  of  the  Saar  basin  with  the 
Red  Underlyer  series  in  Lower  Silesia  and  Bohemia,  and 
transferred  the  Cuseler  strata  below  the  plant-bearing  series 
from  the  Carboniferous  system  with  which  they  had  been 
erroneously  included  to  the  Dyassic  system.  Weiss  also 
pointed  out  as  important  features  of  distinction  that  the 
lowest  beds  of  the  Red  Underlyer  or  Lower  Dyas  occasionally 
contained  workable  coal-seams,  and  that  the  upper  beds  of 
the  Lower  Dyas  were  interbedded  with  thick  flows  of  eruptive 
rocks  (porphyry,  porphyrite,  melaphyre,  etc.).  Similar  features 
were  determined  by  the  geologists  of  the  Prussian  Survey 
Department  in  the  Harz,  in  Thuringia,  and  in  Silesia,  and  by 
Credner  and  Sterzel  in  Saxony. 

The  structure  and  composition  of  the  Copper  Slate  and 
Zechstein  group,  or  Upper  Dyas,  had  been  so  exhaustively 
treated  by  Lehmann,  Fiichsel,  and  Freiesleben  that  little 
remained  to  be  added  by  recent  research.  From  the 
predominance  of  fossil  fishes  and  plant  remains  in  the  copper 
slates,  and  the  frequent  intercalation  of  thick  deposits  of 
salt  between  more  calcareous  fossiliferous  portions  of  the 
Zechstein,  the  Upper  Dyas  of  Central  Europe  is  assumed 
to  have  taken  origin  in  large  inland  seas,  occasionally  subject 
to  periods  of  desiccation. 

In  the  Central  French  plateau,  the  development  of  the 
Permian  rocks  is  very  similar  to  that  in  the  Saar  basin. 
The  English  deposits  correspond  more  to  the  Thuringian 
development,  and  consist  of  the  Red  Underlyer  group  (locally 
called  "Lower  New  Red  Sandstones"),  bituminous  shales, 
Magnesian    limestone,    dolomite,    marls,    and    gypsum.      An 
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German  "Copper  Slate."  The  uppermost  member  in  the 
Alpine  succession  is  a  bituminous  marine  limestone  known  as 
'*  Bellerophonkalk,"  from  the  large  number  of  Bellerophon 
species  contained  in  it.  The  fauna  has  a  fairly  diversified 
pelagic  character,  but  G.  Stache  in  his  memoir  on  the 
Bellerophon  Limestone  {/ahrb.  k,  k.  geoL  Reichs.^  1887-88) 
showed  that  there  were  several  species  common  to  it  and  to 
the  Zechstein  of  the  German  area. 

A  striking  facies  of  the  youngest  Palaeozoic  and  the  oldest 
Me^ozoic  deposits  occurs  in  Central  and  Southern  India. 
Instead  of  the  marine  strata  present  in  the  Punjab,  the 
deposits  south  of  the  Narbada  river  are  of  fresh-water 
origin,  and  comprise  Conglomerates,  Sandstones,  and  Car- 
bonaceous shales.  They  were  for  the  first  time  examined  in 
detail  near  Talchir  by  the  brothers  Blanford  (1856)  and 
Theobald,  and  these  geologists  sub-divided  the  deposits  into 
four  palseontological  groups  (Nagpore,  Talchir,  Damuda,  and 
Mahedewa  groups).  The  lower  divisions  were  placed  in  the 
Upper  Permian  formation,  and  the  upper  divisions  were 
assigned  to  the  lower  Trias.  The  Talchir  group  consists  of 
conglomerates  with  very  large  boulders  and  striated  surfaces, 
and  W.  T.  Blanford  argued  from  this  and  other  evidences  that 
the  boulders  had  been  transported  to  their  present  position  by 
means  of  icebergs,  and  that  consequently  there  must  have 
been  an  ice  age  during  the  latest  Permian  eras. 

The  whole  complex  of  Permo-Triassic  fresh-water  strata, 
about  6000-7000  metres  in  thickness,  received  the  name  of 
Gondwana  System  from  Medlicott,  and  according  to  the  latest 
investigations,  the  lower  members,  including  the  Talchir  and 
Damuda  groups,  are  of  Permian  age,  the  "  Panchet  Series  "  is 
probably  Triassic  wholly  or  in  part,  and  the  upper  horizons 
apparently  represent  a  considerable  portion  of  the  Jurassic 
deposits.  The  lower  members  are  especially  subject  to  local 
variations,  and  the  Talchir  conglomerates  repose  unconformably 
upon  different  horizons  of  the  older  rocks. 

The  Kahabari,  Damuda,  and  Panchet  groups  present  inter- 
calated coal-seams  accompanied  by  fossil  plants,  amongst 
which  the  genera  Glossopteris  and  Gangamopteris  abound.  The 
rich  flora  and  the  occurrence  of  remains  of  Vertebrates  (Stego- 
cephali  and  Anomodontia,  cf.  p.  417)  give  a  distinctive 
impress  to  those  groups,  and  render  it  difficult  to  find  a  com- 
parison with  European  developments.     Nevertheless,  the  com- 
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>rii  Tr.t  :den;incat:on  by  Amalitzky  of  Permian 
:  a:  ;■-;-  '^^l5^;  of  the  Karroo  beds  has  led  to  the 
~:";,-n  ;ha:  the  main  body  of  the  Karroo  beds  is 

-..::;■  ^~,-T-.!-t\::ic':i  of  the  I'ermian  system  with  the 
>.,:;!-.;—  Hsn::rphere,  in  India,  and  in  Russia, 
uvrr.rr.'  '.he  views  of  Conybeare,  who  in  183J 
jNi  :"r.i-  Ma^iT^esian  Limestone  with  the  Red  Con- 
i",".  ;~;  p-.;r:iT  i\ir;ds!one  as  a  united  Poikililic 
'••:.— :.T.  x-^T'.'.i-z  the  name  Pi?il;i7itic  only  to  the 
■'-..-,<;  5',:,-v".-L-c:.  in  his  ideal  section  of  the 
,v  ■  :■  ■.v.  ;h.~  rt:n;ian  aiui  Triassic  succession  ami 
•.•  V  :  -■  S^-:.-ni,"  Marcoti  11859!.  John  Phillip'; 
;"•,•  V;-.;  :ih  i\-:r.n-.;;:, c  of  the  Inlernalional  Con- 
\-.^--:>  :  •-  I  o;^do:i  I  iS:>S>.  supported  the  union  of 
M    r-,-,-iS    :n:.'   one   croup,  to    be  placed  in  the 
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Mesozoic  epoch.  But  in  North  America  and  on  the  Con- 
tinent there  has  been  an  adverse  current.  The  near  relation- 
ship of  the  floras  and  faunas  of  the  Permian  deposits  with 
those  of  the  Carboniferous  seemed  to  make  it  injudicious  to 
draw  any  such  sharp  line  of  division  at  the  conclusion  of  the 
Carboniferous  period  as  would  be  indicated  if  the  Permian 
rocks  were  transferred  to  Mesozoic  time.  And  so  close  had 
the  relationship  between  the  Permian  and  Carboniferous 
systems  appeared,  that  A.  de  Lapparent,  in  the  first  two 
editions  of  his  admirable  Text-book  of  Geology,  had  united 
them  under  the  name  of  "  Permo-Carboniferous  System." 

F.  The  Triassic  System. — The  fossils  preserved  in  the  older 
horizons  of  the  Triassic  system  in  Western  and  Southern 
Europe  afford  evidence  that  the  plants  and  animals  which 
flourished  and  abounded  in  these  areas  during  Permian  and 
earlier  epochs  had  largely  given  place  to  new  forms  of  life. 
European  geologists  therefore  sought  to  give  expression  to 
local  disconuities  of  the  palaeontological  chain  by  regarding  the 
Triassic  system  as  the  first  of  a  Mesozoic  epoch,  when  the 
characteristic  forms  of  life  were  intermediate  between  the 
faunas  and  floras  of  the  very  ancient  or  Palaeozoic  epochs  and 
the  younger  or  Cainozoic  epochs.  The  Mesozoic  epoch  is  sub- 
divided into  three  systems  or  formations  •  Triassic,  Jurassic, 
and  Cretaceous. 

In  the  eighteenth  century,  Lehmann  and  Fiichsel  recog- 
nised in  Thuringia  the  Bunter  (or  variegated)  Sandstone  and 
Muschelkalk  (or  shell  limestone)  as  independent  members  of 
the  Flotz  series,  and  had  separated  them  from  the  Red  Under- 
lyer  and  Zechstein.  The  characteristic  fossils  of  the  Thur- 
ingian  Muschelkalk  are  admirably  described  and  figured  in 
Schlotheim's  Nachtrdge  zur  Peirefaktenkunde  (1823).  Never- 
theless, there  was  for  a  long  time  great  insecurity  in  Germany 
regarding  the  Bunter  Sandstone  and  the  limestone  above  it, 
as  many  geologists,  even  such  travelled  observers  as  Leon- 
hard,  Charpentier,  and  Voltz,  confused  the  Bunter  Sandstone 
with  the  North  German  Underlyer,  and  the  grey  limestone  or 
Muschelkalk  with  the  Zechstein. 

Peter  Merian,  in  his  first  treatise  (1821)  on  the  geology  of 
the  neighbourhood  of  Bdle,  was  uncertain  about  the  strati- 
graphical  position  of  the  Bunter  Sandstone,  but  showed  that 
this  horizon  of  rock  was  succeeded  both  in  the  Vosges  and  in 
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i-.d  1^3-'  eluciditfri  with  pniseTc 
graphical  reladoos  of  the  Banter  Sar 
the  superposed  maris  and  clays  with 
lower  formation  of  the  Zechstein  and 

About  the  same  time,  in  1825,  tl 
were  explained  in  the  Upper  Rhine  d 
who  made  a  joumer  together — Oeynl 
'■>  '  Roche.     It  was  in  their  work  that  t 

first  applied  to  the  bright-coloured  nu 
MuschelkalL    The  term  originated  as 
use  in  Coburg,  and  had  been  suggeste 
in  a  letter  to  Merian. 

The  rocks  of  Wurtembeig  were  c 
Alberti,^  primarily  with  a  view  to  th 
minerals,  but  the  work  proved  to  have 
It  provided  an  accurate  account  of  tl 
and  Keuper  in  that  area.  In  1831  M 
scription  of  the  same  formations  in  tl 
IJlack  Forest.  Still  more  detailed  wa 
tion  of  the  Vosges  mountains  and  th 
France  with  which  Elie  de  Beaumon 
logical  career. 

The  eminent   Frenchman   divided  t 
the  Vo.sL'r»<;  '»^*'"  •' 
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Sandstone,  with  conglomerates  and  red  clay ;  2,  the  Vogesen 
Sandstone ;  3,  the  Bunter  Sandston;e  {gr^s  bigarre).  The 
Vogesen  Sandstone  was  regarded  by  Elie  de  Beaumont  as  an 
equivalent  of  the  Zechstein  or  Red  Underlyer  series,  and  he 
thought  the  uprise  of  the  Vogesen  had  taken  place  after  its 
deposition.  The  Bunter  Sandstone  was  described  as  some- 
times succeeding  it  unconformably,  sometimes  dissociated 
from  it  by  faults.  On  the  other  hand,  the  Bunter  Sandstone 
was  said  to  pass  gradually  upward  into  Muschelkalk  and  the 
latter  into  Keuper  deposits  {marnes  irrisUs), 

In  the  year  1834  Alberti  published  his  classic  Monograph 
of  the  Bunter  Sandstone^  Muschelkalk^  and  Keuper^  and  their 
union  as  a  formation.  Alberti  suggested  that  the  name  of 
Trias  be  given  to  this  formation,  on  the  basis  of  the  well- 
marked  character  of  the  three  sub-divisions.  Starting  from 
his  own  observations  in  South-Western  Germany,  Alberti 
drew  a  comparison  between  the  deposits  of  the  same 
age  in  other  parts  of  Europe.  Each  of  these  three  main 
divisions  of  the  Trias  was  again  sub-divided  into  a  series  of 
groups  or  horizons  of  rock,  which  are  all  carefully  established 
upon  stratigraphical,  lithological,  and  palaeontological  data. 

Alberti's  sub-division  of  the  Trias  has  remained  the  standard 
of  research  in  Germany,  although  one  or  two  slight  modifica- 
tions have  been  made.  In  other  countries  the  name  was  also 
accepted,  and  the  development  of  the  Trias  in  Germany  was 
regarded  as  the  leading  type  in  Europe  of  the  sedimentary  suc- 
cession which  had  accumulated  during  that  period  in  the  large 
inland  seas  and  lakes  intermittently  in  open  communication 
with  the  sea.  The  Muschelkalk,  which  represented  the  longest 
period  of  marine  conditions  in  the  German  area,  was  found 
however  to  be  entirely  absent  in  certain  areas. 

William  Smith  had  early  pointed  out  the  absence  of  the 
Muschelkalk  in  Great  Britain.  Later  researches  by  Conybeare 
and  Phillips,  by  Strickland  (1833-37),  by  Murchison  and 
Buckland  (1839),  showed  that  in  Great  Britain  the  Bunter 
beds  are  largely  of  estuarine  origin,  composed  of  sandstones, 
pebble-beds,  and  conglomerates,  while  the  Keuper  beds  are 
also  in  places  conglomeratic,  or  are  red  and  white  sandstones, 
and  pass  upward  into  the  characteristic  red  and  green  marls 
containing  local  beds  of  gypsum  and  thick  layers  of  rock-salt. 

A  summary  of  the  Triassic  Succession  was  given  by  Quen- 
stedt  in  his  Floiz  Series  of  Wuriemberg  (1843).     Quenstedt 
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...  j^.v^ui^  were  placed  by  Albert!  : 
chelkalk,  whereas  Quenstedt  prefer 
independent  position,  or  to  include 
sandstone.  Again,  the  *'  Lettenkoh 
between  Muschelkalk  and  Keuper,  w 
'^  of  marls  and  clays  with  thin  coal-seams 

at  the  base  of  the  Keuper,  and  Que; 
uppermost  horizon  of  the  Muschekalk. 
both  authors  adhered  to  their  opinio 
slight  change  in  transferring  the  doloi 
gonodus  lim^tone  "  of  Sandberger)  fro 
the  Muschelkalk  to  the  base  of  lus  "Let 
adding  to  the  security  of  the  systematit 
had  assigned  the  Lettenkohle  group. 

As  Alberti's  sub^iivisions  have  been 
literature,  and  will  be  convenient  for  refer 
pages,  the  list  may  be  shortly  stated : — 

St:b-divisiom  of  Gkrman 
Trias. 


'TuSingca     samdstooe    (with     (Aft 
boaebeds).  R 
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Fried  richs- 
hall  Lime- 
stone (Up. 
Muschel- 
kalk). 


Anhydrite 

Group 

(Mid.  Mus- 

chelkalk). 


Sub-division  of  German 
Trias. 

/Dolomitic  limestone 
Friedrichshall  limestone 
Oolitic  rock  (Rogenstein) 


»>Encrinite  limestone 

''Dolomite,  marls,  porous 
limestones,  bituminous 
limestone,  gypsum,  an- 
hydrite, clay  and  rock- 
salt. 


fWellenkalk  (wavy  limestone) 
Wellendolomit   (wavy    dolo- 
mite). 


Bunter 
Sandstone  ^ 
Group. 


^Variegated  clays  and   marls, 
chiefly  red  clays  with  gyp- 
sum and  salt. 
Bunter  sandstone  - 

**  Vogesen  sandstone  "  (false- 
l)edded  fine  sandstone  in- 
terbedded  with  dolomite 
and  oolite). 


PALi^ONTOLOGICAL 

Characikr. 

Trigonodus  Sandbergeri^  etc. 
Lima  striata^  Tetebratula 
vulgaris^  Nautilus  bidor- 
satus^  CeraiiUs  nodosus, 
etc.,  richly  fossiliferous. 

Encrinus  liliiformis^  etc. 

Saurian  remains  occasionally 
occur,  otherwise  poor  in 
fossils. 


Richly  fossiliferous,  Tere- 
bratula  vuigan'Sf  T.  an- 
gusta^  Spit  iferina  fragilis^ 
Gcrvillia  costata^  Myopho- 
ria  eleganSf  etc.  Encrinus 
liliiformis, 

Myophoria  costata^  M.  vul- 
gariSf  plant  remains,  Equi- 
setufNf  Voitzia,  etc. 

Labyrinthodont  remains  and 
amphibian  footprints. 

Estheria  minuta,  etc. 


The  later  literature  on  German  Trias  is  very  voluminous. 
Giimbel,  Sandberger,  and  Thiirach  have  materially  advanced 
the  stratigraphical  and  palaeontological  knowledge  of  this 
subject  by  their  exhaustive  studies  of  Bavarian  areas.  Daubr^e, 
Benecke,  and  Lepsius  have  been  amongst  the  geologists  who 
have  investigated  the  Trias  in  Alsace-Lorraine.  In  the  Rhine 
provinces,  Weiss  and  Blanckenhorn  have  been  the  chief 
workers.  The  isolated  Triassic  outcrop  at  Riidersdorf,  near 
Berlin,  has  been  made  the  subject  of  a  monograph  by  Eck, 
and  the  Upper  Silesian  area  of  Trias  has  been  described  by 
Eck  and  Ferdinand  Roemer. 

Only  after  a  clear  exposition  had  been  obtained  of  the 
general  stratigraphical  relations  of  the  Trias  in  extra-Alpine 
£urop>ean  localities,  could  the  difficult  task  be  seriously  com- 
menced of  unraveUing  the  tangled  skein  of  the  Triassic  rocks 
in  the  Alps.     To  determine  the  relations  of  Triassic  rocks  in 
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its  numerous  sections  and  correct  fundamental  conceptions  of 
the  tectonic  relations  of  the  various  groups  of  strata,  their 
Sketch  of  the  Structure  of  the  Eastern  Alps  provided  the  first 
intelligible  wayboard  for  the  student  of  the  geology  of  the  Tyrol, 
and  was  recognised  as  the  starting-point  of  further  research. 

Excellent  special  sections  were  worked  out  by  Lill  von 
Lilienbach  in  the  Salza  Valley  from  Bischofshofen  and  Werfen 
to  Teisendorf  (1830),  and  from  Werfenweng  through  the 
Tannen  Range  to  Mattsee  (1833).  These  afforded  a  true 
representation  of  the  stratigraphical  succession  of  the  rock- 
groups  which  compose  the  northern  limestone  Alps,  but  Lill 
went  far  astray  in  the  vague  attempts  which  he  made  to 
identify  the  Alpine  rocks  with  extra-Alpine  formations.  One 
of  his  most  noteworthy  contributions  was  his  careful  deter- 
mination of  the  guiding  thread  supplied  by  the  reddish  and 
greenish  "Werfen"  shales,  whose  name  is  taken  from  their 
typical  development  at  Werfen  in  that  area.  Lill  traced  them 
everywhere  as  the  basis  of  the  Alpine  limestone,  but  he 
erroneously  assigned  them  and  a  considerable  part  of  the 
limestone  to  the  Wernerian  "transitional"  series  (ante^  p.  58). 
Liirs  chief  stratigraphical  results  may  be  summarised  in  tabular 
form : — 

Upper  Alpine  Z/>;/«/^«e?,  comprising  the  "Hippurite'Mime- 
stone  of  Untersberg,  etc. 

[Shales  and  sandstones  with  clays, 
gypsum,  and  the  salt  deposits  of 
Hallein,  Berchtesgaden,  Hall- 
stadt,  and  Aussee;    Rossfeld 
and  Schellenberg  strata. 
'Red   marble  of  the   Diirnberg; 
Adneth    limestone  with    Am- 
monites; limestone  and  dolo- 
mite of  the  Watzmann,  Tannen, 
and  the  Hohe  G611  groups. 
Werfen  Shales  with  interbedded  gypsum  (regarded  by  Lill 
as  a  "  transitional "  formation). 

H.  G.  Bronn  examined  the  fossils  collected  by  Lill,  and  in 
a  supplementary  paper  to  LilFs  in  the  Neues  Jahrbuch  (1831), 
emphasised  the  unusual  character  of  the  fauna  of  Ammonites 
and  Monotis  present  in  the  Diirnberg  limestone,  and  its  ap- 
parent affinities  with  Liassic  and  Transitional  marine  faunas. 


Middle  Alpine  Limestone 
(regarded  as  Jurassic). 


Lower  Alpine  Limestone^ 
doubtfully  indicated  as 
**  transitional  forma- 
tions." 
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Iiioim  regardvd  the  miildle  Alpine  limestone  as  Juruiic  a 
Li.-isiic  In  couipatison  wilh  these  indefiiiite  surmises  rejanlinj 
the  age  of  Alpine  iimcstone  deposits,  the  secure  identification  of 
Muschelkalk  in  the  neighbourhood  of  Recoaroand  Roifgiiatw 
hy  Mansdiini  (iSij),  Caiullo  {xSij).  and  Murchison  males  i 
refreshing  impression. 

The  discovery  a(  Ibc  wonderfully  rich  Tossil  locality  of 
St  Ctssian  in  South  Tyrol  proved  a  turning-point  in  the 
history  of  Alpine  geology.  I^opold  von  Buch  had  brou^t 
St.  Okssutn  fos^is  with  bim  from  one  of  his  journcjTi  in  ibe 
r>o(otnitc%  and  he  sent  ibcm  to  Count  Miinstet  for  idcnn- 
fimtioo.  In  iS^^  Count  Mdnsiei  published  in  the  A'na 
/(tirAwA  Uk  description  of  a  Urge  collection  of  Sl  CasiiM 
fos&ils,  most  0(  which  had  been  sent  to  him  by  LDmmcL 
or  one  hundtcd  and  twenty-eight  species,  MiinMer  thought  he 
couM  identify  seven  as  Ihluschellulk  s)>ccica,  two  aa  I.iaauc, 
and  m  «s  jtwassMi  Munstct's  fatnous  work  published  ia 
1K41,  enulea  Se^tigt  svr  fietrrfaktenkitmA,  is  a  monogiafA 
V-  :  ■.  >:  i'.i^s  .;n  U-a:;.!.  Thcinvistiifaiionof  fuurhundnilaiul 
■..■-■■i  ;-.■  s:\,:is  o:  Moliusca.  lirachiopods,  Lcliimiili-rms 
V  .  ;,  >  .■,••.;  S  "-.r-^os  bv  l\-Lir;:  Munsier  led  him  to  conciudi-  ihai 
;..,  -,  -  -.  <-..  (.V:*:- .VI  sivtii'S  .lUo  occurred  in  the  CailMn- 
■.■    ..      -..::■:■.  -:-i/oc::^:viii.IcniiilticMusohelk:i!k,clocii 


^  iliat  KO'jld  harmonise-  «i; 
:;  «o;iimon!y  .accepted  fur  ll 


STRATIGRAPHICAL  GEOLOGY.  467 

ceeded  by  thick  masses  of  dolomite.  These  were  at  that  time 
termed  **  Fassa  Dolomite  "  from  the  Fassa  or  Avisio  Valley,  the 
leading  valley  of  the  district. 

Buch  had  explained  the  dolomitic  character  of  the  **  Fassa 
Mountains  "  as  the  result  of  alteration  associated  with  the  local 
volcanic  action,  but  Wissmann  regarded  the  "Passa  Dolomite" 
as  a  normal  marine  deposit.  With  regard  lo  the  marly 
St  Cassian  strata  characterised  by  the  richly  diversified 
small-sized  fauna,  Wissmann  could  not  find  out  what  were 
the  relations  of  this  group  either  to  the  Fassa  Dolomite  or 
to  the  marls  and  shales  of  two  other  fossiliferous  localities 
near  St.  Cassian,  namely,  the  village  of  Wengen,  and  the  hill- 
slojjes  on  which  the  pilgrimage  chapel  of  "Heilig-Kreuz"  had 
been  built. 

In  1843,  Klipstein  published  a  geological  and  palaeonto- 
logical  account  of  the  same  districts.  His  observations 
in  Abtey  and  Fassa  valleys  had  been  taken  in  unusual 
detail,  but  led  to  no  satisfactory  explanation  of  the  tectonic 
relations  of  the  district.  Klipstein,  who  made  personal  collec- 
tions to  a  certain  extent  and  also  bought  largely  from  the  village 
fossil-collectors,  was  enabled  to  add  more  than  three  hundred 
new  species  to  the  known  fauna  of  St.  Cassian.  The  investi- 
gation of  these  was  unfortunately  in  no  measure  comparable 
with  Miinster's  work,  and  the  fallacious  identification  of  a 
Cephalopod  as  Ammonites  cordatus  led  Klipstein  to  place 
the  Wengen  shales  in  the  Liassic  formation,  and  as  the 
Wengen  shales  pass  upward  into  St.  Cassian  marls,  he  con- 
cluded the  latter  were  of  Jurassic  age.  Bronn,  in  a  review  of 
Klipstein's  work,  in  1845,  expressed  grave  doubts  about  the 
Liassic  and  Jurassic  age  of  the  Wengen-Cassian  series,  and 
stated  that  in  his  opinion  these  shales  and  marls  were  possibly 
members  of  the  Triassic  formation  which  had  remained  hitherto 
quite  unknown,  and  for  which  no  comparison  could  be  found 
in  the  German  Trias,  or  they  represented  an  aberrant  "  facies  " 
of  the  Muschelkalk. 

In  1844,  Emmrich  contributed  a  short  communication  to 
the  Neues  Jahrhuch  on  **The  Stratigraphical  Succession  of 
the  Flotz  Series  in  the  Gader  Valley,  at  the  Seis  Alp,  and 
St.  Cassian."  This  work  created  a  new  era  in  the  study  of 
these  deposits  and  takes  its  rank  as  one  of  the  classic  contri- 
butions to  Alpine  geology.  In  the  course  of  a  short  visit  to 
South  Tyrol,  Emmrich  prepared  geological  secl\otv%  ^\ci\^  \!wi 
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;, ■■-         -.rrr  Li-  «-:.i  '.ii;;::;  ^: -.he  ^l^d^;  by  all -'Jbri- 

;.    i-.-i;  -.-.  '.■:"  -.--;  >'j-j:h  T^Tii  lr:is.     Thus  the  iriiic-i 

£--,■.. -.Ti  ■.-■  :-.t  ^'~  Ci"r:an  foi::U  had  cj'n.inateJ  in  providing 
V  -  ■'.'-:  ■  !_■;  :.,  ;'.-;  panx'j'ar  '.haraciL-r  of  ihe  diliicuhifs  which 
.'.fcd  :v  '-;  iur';i  in  Alp-ne  geology.  The  Alpine  equivalents  of 
T,-;  I:u-;:-.r  '..-  low.T  Trias  had  been  clearlv  elucidaicd,  thv 
Mjv,:-,-.-:ka;k  had  U-en  idc-n:ificd:  and  the' Wcngen-Cass.an 
cr'.'^p  a:j'jve  it  had  demonstrated  the  actual  presence  of  a 
fauna  an']  a  1  iholo^ical  succession  different  from  that  piesenki: 
m  1^1'--  Mus'-htlk^ilk  or  succeeding  horizons  in  any  kiio*Ti 
Kitra-.Miiine  area.  The  principle  of  local  developments  of 
rock  of  contemporaneous  orij;in,  but  containing  distinclin- 
launal  as5enihiat;es,  was  now  appreciated,  and  geologists  haJ 
■■wj  more  hope  of  being  able  lo  fw  tlie  relalive  age  of  masses  of 
Upine  Limesione  "  accordini;  to  lliuir  stratigrapliical  posilioti 
-iow  or  above  ihe  (ossiW^t^im!.  Wtn'y.n-Cassian  group 
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In  the  year  1846,  Hauer*s  first  monograph  of  the  Cephalo- 
pods  in  the  Hallstatt  limestone  appeared,  and  also  a  treatise 
by  the  same  eminent  author  on  the  Molluscan  marble  of 
Bleiberg  in  Carinthia.  Hauer  demonstrated  the  identity  of 
some  of  the  species  in  these  calcareous  rocks  with  St.  Cassian 
species,  and  thereby  founded  the  knowledge  of  the  younger 
horizons  of  Trias  in  the  northern  Alps.  Further  contributions 
by  Hauer  in  1847  ^"^  '^49  corroborated  the  great  abundance 
of  the  Cephalopod  fauna  in  the  limestone  rock  in  the  neigh- 
bourhood of  Hallstatt  and  Aussee,  and  showed  that  it  was 
no  less  varied  in  its  character  than  that  of  St.  Cassian.  The 
characteristic  gastropods  from  the  Hallstatt  limestone  were 
described  by  Hoernes. 

Although  Hauer's  comparison  of  the  fauna  of  the  Hallstatt 
marble  with  that  of  the  St.  Cassian  marls  had  given  an  indica- 
tion of  the  age  of  this  particular  Alpine  limestone,  and  had 
shown  it  to  be  unquestionably  distinct  from  the  Liassic  lime- 
stone of  Adneth,  Morlot  (1847)  still  regarded  the  Alpine  lime- 
stone, in  accordance  with  the  earlier  work  of  Murchison  and 
Buckland,  as  Liassic  or  Jurassic.  In  a  work  otherwise  very 
admirable  in  many  ways,  The  Explanatory  Text  of  a  Geological 
Sketch-Map  of  North-Eastern  Tyrol^  Morlot  entirely  ignored 
all  sub-divisions  of  the  "  Alpine  Limestone  "  that  had  been 
previously  attempted.  The  Geognostic  Map  of  Tyrol,  published 
in  1849  by  the  Mountaineering  Club  of  Tyrol  and  Vararlberg, 
merely  differentiated  lower,  middle,  and  upper  Alpine  lime- 
stone, without  assigning  a  definite  age  to  any  of  the  groups. 

A  general  review  of  the  literature  and  the  position  of 
geological  research  was  written  by  Hauer  in  the  year 
1850,  after  the  Imperial  Geological  Survey  Department  had 
been  established  in  Austria.  According  to  Hauer,  the 
Alpine  equivalents  of  the  Bunter  sandstones  are  the  Werfen 
strata,  the  Sernft  shales  and  conglomerates  of  the  northern 
Alps,  the  Seis  strata  in  South  Tyrol,  and  the  red  sandstones 
and  conglomerates  in  Carinthia  and  Carniola.  A  considerable 
part  of  the  Alpine  limestone  belongs  to  the  Trias;  to  the 
Lower  Muschelkalk  may  be  referred  the  so-called  Isocardia 
limestone  with  **  Dachstein  bivalves"  in  the  Salzkammergut, 
in  Bavaria  and  Vorarlberg,  and  the  Dolomite  with  Cardium 
triquetrum  in  the  southern  Alps.  To  the  Upper  Muschel- 
kalk (or  Keuper?)  belong  the  marbled  limestones  of  the  Salz- 
kammergut with  Ammonites  and  Monotis,  the  Wengen,  St. 


.  ^w.iutvaienis  oi  me  nunu 
JMuschclkalk   respectively);    and    2,    ///« 
Upper  Muschelkalk).     The  salt  deposi 
intercalations  in  Alpine  limestone,  as  L 
assumed,  but,  according  to  Stur  and  Si 
^  Werfen  strata.     The  Hallstatt  strata  wci 

'.  on  the  Guttenstein  strata  and  to  be  5 

'^  litnesione^  and  on  the  evidence  of  Lipol 

'^  stone  was  united  with  the  Kdssen  (Gervilll 

to  Liassic  age. 
\  There  still  seemed   no  means  of  det 

graphical  position  of  the  dolomitic  rock 
«4  Hauer,  in  his  report,  mainly  relied  upon 

the  first  a  memoir  by  Emmrich  (1853) 
of  the  Bavarian  Alps,  and  the  other  I 
Linth  (1853)  on  the  geology  of  Vorarlberg. 
With  considerable  insight,  Emmrich  h 
the  Bavarian  Alps  a  series  of  well-marke 
Mesozoic  rocks: — 
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Cenomanian 

-     9- 

Orbitulina  sandston 

Neocomian 

-     8. 

Aptychus  shales  (cf. 

Jurassic   - 

-     7. 

Haselberg  marble 
Tithonian  prou] 

Liassic     - 

-     6. 

Amaltheus  marls  w 
theus,  etc. 
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Wellenkalk 


Bunter 


2.  Lower  Alpine  limestone,  dolomite, 
and  rauchwacke,  with  Tere- 
bratula  vulgaris^  Myophoria  vul- 
garis^ etc. 

I.  Red  sandstone,  Werfen  shales  with 
Monoiis  Ciarat\  etc. 


St  Cassian 
Group. 


Emmrich  enumerated  a  larger  number  of  fossils  in  the 
Avicula  contorta  zone  which  had  hitherto  been  referred  to  the 
Liassic  group,  and  in  opposition  to  the  views  of  Buch,  Murchi- 
son,  Lill  von  Lilienbach,  and  Schafhautl,  he  pointed  out  the 
strong  affinities  exhibited  both  by  the  Avicula  beds  and  the 
Lithodendron  limestone  with  the  St.  Cassian  series. 

In  the  Vorarlberg,  Escher  von  der  Linth,  partially  in  col- 
laboration with  Merian,  made  the  following  subdivisions  of 
the  Wengen-Cassian  group  in  the  Triassic  series : — 

Megalodon  dolomite  ("  Dachsteinkalk" 
or  "  Main  dolomite  "). 

Upper  St.  Cassian  strata  with  Gervillia 
inflaiay  Cardium  Rhccticttm^  etc. 

Dolomite  or  middle  St.  Cassian  ("  Esino 
Kalk  "). 

Black  marls  with  Baciry/lium  Schmidti 
and  limestone  with  Halobia  Lommeli 
(lower  St.  Cassian)  plant  sandstones 
with  Equisetum^  Caiamiies^  etc. 

In  this  sub  division  the  upper  St.  Cassian  strata  of  Escher 
correspond  to  the  **(iervillia"  strata  of  Emmrich;  and  this 
confusion  of  the  St.  Cassian  marls  with  the  Kossen  marls 
proved  a  frequent  source  of  error  in  after  years,  and  also  led 
to  a  consequent  misinterpretation  of  the  age  of  the  limestone 
or  dolomite  masses  underlying  the  fossilifcrous  marls  or 
reposing  upon  them.  Escher's  Halobia  Lommeli  sub-division 
is  identical  with  the  "  Wengen "  strata  of  Emmrich's  South 
Tyrol  section. 

Important  researches  were  made  in  the  Trias  of  Lombardy 
by  Curioni  (1855).  He  confirmed  Escher's  subdivisions, 
showed  that  the  Halobia  Lommeli  strata  and  plant  sandstones 
rested  upon  Muschelkalk,  and  gave  careful  details  regarding 
the  fossils  and  superposition  of  the  lower  and  middle  Triassic 
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mark  of  the  geology  of  the  caste 
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Myophoria  Whateleyx  at  the   base 
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\  These  works  undoubtedly  helped  to  e 

southern  zone  of  the  Alps. 
.  i4  Three  highly  fossiliferous  series  of 
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found  Gervillias  and  other  bivalves  nea 
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over,  the  pelagic  faunas  of  the  calcar 
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reasonably  exjxjcted  that  the  stratigram 
no  longer  prove  so  insurmountable.  A 
seemed  in  no  way  diminished,  and  this  \^ 
that  the  paloeontological  method,  whicl 
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Infralias       /  ^'  Kossen  strata. 

\  6.  Dachstein  limestone  and  dolomite. 

I  5.  Raibl  strata  of  Gorno  and  Dossena. 
Upper  Trias.   -[   4.  Esino  limestone. 

[  3.  St.  Cassian  strata. 

xf -jji    T-  •        f         rWengen  strata  and  Rauchwacke. 
Middle  Trias,   j   2.  JMuschelkalk. 

,  T  *        /        /Servino  and  Werfen  shales, 

w  r     ri    .   -|^  I.  "l^Verrucano  conglomerate. 

Stoppani,  the  Italian  geologist,  in  a  similar  work  published 
in  1857,  discussed  the  Lombardy  Alps.  He  regarded  the 
Verrucano  conglomerate  as  a  Palaeozoic  horizon,  and  otherwise 
his  subdivisions  were  comparable  with  Escher*s.  The  dark 
bituminous  shales  of  Perledo,  near  the  Lake  of  Como,  with  Fish 
and  Saurian  remains,  were  correctly  assigned  by  Stoppani  to 
the  Muschelkalk;  while  the  dolomitic  limestones  with  EncrinuSy 
Ttnbratula  angusia,  Spirifer  fragiiis,  etc.,  at  Monte  Salvatore 
near  Lugano,  Menaggio,  and  other  localities,  were  recognised 
as  lower  horizons  of  Muschelkalk.  Stoppani  also  published  a 
valuable  monograph  of  the  fauna  of  the  Esino  limestone 
(1858-60),  and  upon  palaeontological  grounds  identified  the  age 
of  the  Esino  limestone  with  that  of  the  Hallstatt  and  St. 
Cassian  groups.  Unfortunately,  however,  Stoppani  in  a  later 
publication  withdrew  this  comparison,  united  the  Esino  lime- 
stone with  the  dolomite  containing  Avicula  exiiis  (Dachstein 
dolomite),  and  placed  the  whole  complex  above  the  Raibl 
strata  in  the  horizon  of  the  main  dolomite  of  the  northern 
Alps. 

In  the  year  1854,  Suess  published  a  monograph  of  the 
Brachiopods  of  the  Kossen  strata.  Under  the  name  of  Kossen 
strata,  Suess  understood  the  "Gervillia  strata"  of  Emmrich 
and  Schafhautl,  as  well  as  the  *'  Upper  Cassian  strata  *'  of 
Escher.  He  gave  a  general  exposition  of  the  stratigraphical 
relations  of  the  Kossen  strata  to  the  Dachstein  and  Lithoden- 
dron  limestones  and  the  bituminous  fish  shales  of  Seefeld. 
Suess  argued  that  as  the  whole  complex  reposes  on  the  Hall- 
statt strata,  and  is  succeeded  by  strata  containing  Upper  Lias 
fossils,  it  ought  to  be  included  with  the  Gresten  strata  as 
Lower  Lias.     Merian  immediately  objected  to  this  view.     He 
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Upper 
Trias. 


Lower 

Trias, 


''6.  Raibl  strata 
with  gypsum 
and  rauch< 
wacke. 

5.  Arlberg  lime- 
stone. 

4.  Partnach 
strata. 

3.  Virgloria  lime- 
stone. 

2.  — 


Raibl  strata. 


? 


Hallstatt  lime- 
stone (resp. 
Wetterstein) 

Partnach 
strata. 

Virgloria  lime- 
stone. 


Hallstatt 
limestone. 

? 

Virgloria 
limestone. 


I. 


? 


Guttenstein  Guttenstein 

limestone.  limestone. 

Werfen  strata.     Werfen  strata. 


Verrucano  Con- 
glomerate (prob- 
ably Palaeozoic). 

It  will  be  seen  that  Richthofen  sub-divided  the  true 
Trias,  exclusive  of  the  Dachstein  limestone  and  Kossen  beds, 
into  two  groups,  upper  and  lower,  which  are  applicable  both 
in  the  northern  and  southern  Alps.  The  Werfen  strata 
pass  upward  into  the  black,  poorly-fossiliferous  limestones  for 
which  Hauer  had  introduced  the  name  of  Guttenstein  strata. 
In  1852,  it  had  been  shown  by  Kudernatsch  that  the  upper 
layers  of  these  strata  contain  numerous  hornstone  concretions, 
are  thinly-bedded,  and  nodular. 

Several  Brachiopod  species  (Terebratula  trigonelldy  Spirifer 
fragilis^  Mentzeli^  etc.)  were  found  in  these  upper  horizons  by 
Pichler  in  the  neighbourhood  of  Innsbruck,  and  by  Escher 
near  Reutte.  Richthofen  found  Ammonites  and  Bivalves 
resembling  Monotis  in  these  layers  at  the  Virgloria  Pass,  and 
the  characteristic  Brachiopods  in  the  Lichtenstein  area.  As 
the  Guttenstein  limestones  frequently  aliernate  with  Werfen 
strata  in  the  eastern  Alps,  Richthofen  separated  the  Gutten- 
stein strata  from  the  upper  more  characteristic  hornstone 
layers,  and  called  the  latter  Virgloria  Limestofie. 

Gumbel  had  found  in  the  Partnach  ravine,  near  Parten- 
kirchen,  marly  shales  with  Halobia  Lorn  melt  (afterwards  called 
J/.  Parthanensis)  and  Bactry Ilium  Schmidti.  Above  these  marls 
and  shales  in  the  Vorarlberg,  Richthofen  had  found  a  dark- 
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After  a  historical  introduction  and  exhaustive  enumeration 
of  the  previous  scientific  literature  in  any  way  connected 
with  the  area,  Richthofen  describes  the  general  surface  con- 
formation of  the  area,  and  gives  the  reader  a  clear  conception 
of  the  topographical  idiosyncrasies  of  the  areas  under  examina- 
tion. Then  follows  a  description  of  the  formations  and  rocks, 
which  omits  nothing  of  lithological,  mineralogical,  or  palaeon- 
tological  interest  or  significance.  Richthofen  arranged  the 
various  members  under  two  divisions  of  Trias  in  the  same  way 
as  in  his  treatment  of  the  Vorarlberg  rocks  : — 


Lias. 


Upper  Trias. 


Lower  Trias. 


{Upper  Dolomite,    Dachstein    lime- 
stone, and  Heiligkrcuz  strata. 


Raibl  marls. 

Schlern  dolomite. 

St.  Cassian  marls. 

Cipit  limestone. 

Wengen  shales  and  tufaceous  rocks. 

Buchenstein  nodular  limestone. 

Mendola  dolomite. 

Virgloria  limestone. 

Campil  sandstones,  etc. 
Seis  limestones. 
Groden  sandstones. 


The  superposition  of  the  rocks,  their  surface  extension,  and 
the  local  variability  in  their  development,  along  with  other 
points  of  stratigraphical  importance,  are  then  carefully  dis- 
cussed. Excellent  geological  sections  show  the  parallelism  of 
the  succession  in  the  different  lines  of  section.  The  occur- 
rence of  the  augite  porphyrite  is  described,  with  reference  both 
to  contemporaneous  and  intrusive  flows. 

Upon  the  basis  of  the  tectonic  structure,  and  the  distribution 
and  development  of  the  formations,  Richthofen  tries  to 
discover  the  historical  succession  of  events  during  Triassic 
time  in  South  Tyrol,  and  more  especially  to  determine  the 
elevations  and  subsidences  of  the  sea-floor  in  that  area.  In 
opposition  to  Buch  and  Elie  de  Beaumont,  Richthofen 
attributes  most  of  the  changes  in  the  form  of  the  ground,  and 
also  tectonic  disturbances  to  slow  crust-movements.  He  also 
discusses  the  formation  of  the  dolomite  masses  {ank^  p.  250). 
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their  work  of  surveying,  palaeontologists  found  matter  for 
discussion  in  the  faunal  affinities  of  the  Avicula  contorta  zone 
— whether  the  fossils  indicated  nearer  relationship  to  the 
Keuper  fossils  below  or  to  the  Liassic  fossils  above  them. 

Alberti  and  Plieninger,  the  two  leading  Swabian  authorities, 
thought  them  distinctly  Triassic  in  character,  and  included  the 
Avicula  contorta  zone  or  Bone-bed  as  the  uppermost  member 
of  the  Keuper ;  Quenstedt,  after  some  hesitation,  distinguished 
the  fauna  as  an  intermediate  assemblage  occurring  in  passage- 
beds  and  premonitory  of  the  Lias.  Oppel  (1856),  Sedgwick, 
Murchison,  and  the  great  majority  of  the  Austrian  geologists 
at  that  time  assigned  the  Avicula  contorta  zone  to  the  Lias ; 
Emmrich,  Merian,  Studer,  and  Escher  von  der  Li  nth  placed  it 
in  Upper  Trias.  In  France,  geologists  had  long  been  familiar 
with  the  fossiliferous  deposits  between  Keuper  and  Lias,  as 
these  are  well  exposed  over  a  considerable  tract  of  country  on 
the  east  and  south  of  the  Central  Plateau  and  in  Lothringen. 
Leymerie  had  described  them  in  1840  under  the  name  of 
In/raiias,  but  many  of  the  later  authors  grouped  them  with 
Trias.  The  same  difference  of  opinion  reigned  in  Great  Britain ; 
Brodie  and  Strickland  (1842)  regarded  the  passage  series  with 
the  bone-bed  as  Liassic,  whereas  Agassiz  (1844)  and  Buckmann, 
on  the  basis  of  the  Fish  and  Plant  remains,  declared  the  series 
to  be  Triassic  in  character. 

Oppel  and  Suess  gave  in  their  first  memoir  no  expression  of 
opinion  regarding  the  Triassic  or  Liassic  age  of  the  beds ;  the 
relative  stratigraphical  position  sufficed  for  their  immediate 
purpose.  But  in  1859  Oppel  contributed  a  special  memoir, 
and  stated  that  after  tracing  the  extra-Alpine  **Contorta-zone" 
into  Luxembourg  and  France,  he  had  come  to  the  conclusion 
that  the  limiting-line  between  Trias  and  Jura  should  be  above 
the  ** Contorta"  strata  and  Mow  the  zone  of  Ammonites 
planorbis.  Two  years  later  this  view  was  supported  by 
Giimbel  in  his  Geognostic  Description  of  the  Bavarian 
Alps  (1861).  Giimbel  proposed  to  group  the  Kossen  strata 
and  the  Dachstein  limestone  together  under  the  name  of 
Rhcetic  Groups  from  their  development  in  the  Rhaetikon 
district  of  the  Alps,  and  to  regard  this  group  as  the  upper- 
most division  of  the  Alpine  Keuper.  At  the  present  day 
most  of  the  German  and  Austrian  geologists  follow  Gumbel's 
suggestion ;  but  in  France  the  majority  of  the  geologists  retain 
the  position  and  the  name  "  Infralias,"  which  was  suggested  by 
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which  he  used.  Although  in  all  essential  features  he  adopted 
the  same  succession  of  Alpine  Trias  which  Richthofen  had 
established  in  his  memoir  on  Vorarlberg  and  North  Tyrol,  the 
names  and  divisions  in  Climbers  work  differ  considerably  from 
those  used  by  all  previous  authors.  All  the  Alpine  deposits  are 
arranged  under  the  three  German  divisions — Bunter,  Muschel- 
kalk,  Keuper,  and  the  names  given  to  the  sub-groups  are  in 
keeping  with  the  fundamental  idea  of  parallelism.  Giimbel 
assigns  to  Bunter  strata  the  Werfen  shales  together  with 
the  salt  and  gypsum  intercalations  at  Berchtesgaden,  Hallein, 
and  in  the  Salzkammergut ;  to  Muscfulkalk  the  Guttenstein 
limestones  and  the  Virgloria  limestone,  from  which  Giimbel 
enumerates  thirteen  species  identical  with  extra-Alpine 
Muschelkalk  species ;  to  Keuper^  Giimbel  assigns  all  the 
other  Triassic  strata  as  follows : — 

yy  -r  (8.  Dachstein  limestone. 

upper  Keuper  or  1      g^^^^^  ^j^j^  Avicula  contorta  (Gervillia 
Rhaetic  Group.    ^       strata  or  Kossen  beds). 

Middle  Keuper  or  [6.  Calcareous  flags. 
Main   Dolomite  \  5.  Main  dolomite. 
Group.  [4,  Rauchwacke. 

'3.  Cardita  strata  of  Pichler  (Raibl  strata 

of  Richthofen). 
2.  Wetterstein    limestone    and    Hallstatt 

limestone. 
I.  Partnach  strata. 


Lower  Keuper  or 
"  Lcttenkohle 
Group." 


These  sub-divisions,  erected  by  Giimbel  in  1864  on  the  basis  of 
his  Bavarian  studies,  have  undergone  two  important  modifi- 
cations in  subsequent  researches.  The  ** Partnach  Strata" 
of  Giimbel  were  afterwards  identified  by  Wohrmann  as 
typical  Raibl  sandstones  and  shales.  And  the  Hallstatt  lime- 
stone, regarded  by  Giimbel  as  a  local  facies  of  the  Wetterstein 
limestone,  has  been  proved  to  be  distinctly  younger  than  the 
Wetterstein  limestone. 

The  views  of  Austrian  geologists  regarding  the  Triassic 
sub-divisions  in  their  territories  were  subject  to  great  vari- 
ations. From  the  year  1856,  Pichler  devoted  himself  with 
enthusiasm  to  the  study  of  the  Alpine  Trias.  In  his  first  publica- 
tion, in  1856,  on  the  north-eastern  limestone  Alps  of  Tyrol, 
he  had  described  above  the  Bunter  sandstone  a  Lcnver  dark-grey 
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Alpine  limeslone  ;  above  it,  dolomiic  and  Cardita  sirati ;  then 
[/p/'er  Alpine  limestone  ( Wt  tiers  lei  n),  succeeded  by  Grriiito 
strata  and  l.itliodendron  limeslone.  Three  years  laicr  IHehler 
accepted  Richthofeu's  divisions  ol  Trias,  and  rercned  Ite 
Wetlerstein  limesiotie  to  its  right  position  bt;loir  the  CariiU 
or  Raibl  strata,  but  advocated  the  view  that  tlie  Weltentct" 
limestone  and  the  Cardita  oolites  and  marls  were  in  intcrbcdded 
St  rati  graphical  relations  with  one  another.  In  t$66  and  1S6; 
richler  gave  a  series  of  geological  sections  in  which  he  made  it 
appear  that  between  the  Welterstein  Dolomite  and  the  Virgiona 
limestone  there  was  a  thick  and  diversified  complex  of  arenaceoui 
and  argillaceous  strata,  dolomite  beds  and  nodular  limestone, 
which  contained  a  fauna  like  that  of  the  Cardita  strata,  and 
probably  corresponded  in  North  Tyrol  to  the  St,  Cassian  fauni 
in  South  Tyrol.  Pichler  thus  originated  the  idea  that  an 
"Upper  Cardita"  or  "Raibl"  series  and  a  "Lower  Carditi'" 
or  "  St.  Cassian  "  series  could  be  distinguished  normally  above 
and  at  the  base  of  Wetterstein  limestone,  but  sometimes  inter- 
stt.Ttified  with  it  as  equivalent  facius. 

About  the  same  lime,  in  1S66,  another  point  was  gaintd  in 
ihe  compariiion  between  Alpine  and  e\lra-Al[iine  anas,  K\ 
amiik'S  ol'  two  typital  "Raibl"  fossils~J/),'//;<'^/,i  Ay,r;fr-i: 
and  Corl'iihi  Roslhoini — wtTe  discovered  by  Sandberi^iT  In  i!ic 
!LMd-t;laiiL-e  or  galuiia  bed  of  the  Franconian  "gypsum  Yi^n-KV 
h  was  thus  ascertained  that  the  Alpim  Rmbl stnila  -cfxcoi- 
temporaiKOiis  wilh  the  /gypsum  and  maris  whiih  iiniiuJuitfA 
suaecJ  Ihi  u/'pcr  limit  of  llic  "Letlenkohlen "  or  Ijnver  Kiur,r 
p-oiip  in  tlie  (xIraAlpine  nnn!.  Careful  observations  had  txiri 
made  by  Foltetle  ([S56)on  the  paU-eontological  scriuencc  of  tlie 
Raibl  strata  in  their  typical  development  at  Raibl  i  tho5C  were 
corroborated  in  1S67  by  Suess,  who  differentiated  the  RaiM 
strata  into  three  pala;ontotogical  zones:  ihe  Loxvcr,  conij>o=ed  'A 
black  shales  with  numerous  plant  and  fish  remains:  the  MiJ.l'r, 
compiisedoflimestone  beds  with  J/v'/Zwr/ri  Kefersteini  ;3.n<\\\K 
£'/A'".co"i|>o^'->d  of  marly  limestone  with  Myophnria  U'haW-.i. 
0>-tr,a  mi'i/is  oipriiis.  I'ukn  Jihaiis  and  Me^al.idon  -  <■:• 
Suess  applied  the  nnme  of  Ton-r  ilrala  to  the  U|t|)er  luin/i-i 
Two  years  lalei  .Slur  LAprerised  bis  view  that  the  lower  horJ/>jii 
wa-i  ihe  ecpiivalenl  of  the  U'en^en  slr.il.i. 

In  the  summers  of  i.sr.3  and  iSr.4,  sjieei.il  survey  work  i:i 
ihe  norih-enstcrn  Alps  was  carried  out  by  the  Survey  Dep.in 
iiieiit  under  the  direction  of  Lipoid  and  Stur,  and  was  iIk' 
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means  of  elucidating  the  coal-bearing  Mesozoic  deposits  in 
Lower  and  Upper  Austria.  Up  to  that  time  these  deposits  had 
been  collectively  termed  "  Gresten  beds,"  and  assigned  to  the 
Ix)wer  Lias.  Lipoid  and  his  colleagues  in  the  survey,  Hertle 
and  Stelzner,  showed,  however,  that  although  coal-seams  occur 
in  the  Liassic  "Gresten  beds,"  the  coal-seams  at  Lunz,  Lilien- 
feld,  Scheibbs,  Gaming,  Gossling,  etc.,  occurred  in  a  complex 
of  strata  whose  fauna  and  flora  were  undoubtedly  Triassic. 
Lipoid  gave  the  name  of  Lunz  series  to  the  sandy  and  shaly 
coal-bearing  complex,  and  Stur,  who  worked  out  the  flora  of 
this  series,  identifled  it  with  that  of  the  **  Lettenkohle "  in 
Franconia  and  Swabia.  In  the  lower  portion  of  the  "Lunz 
series "  Posidonomya  Wengensis  (a  Wengen-Cassian  type)  and 
Atnnioniies  floridus  were  identified  ;  Hertle  proposed  to  differ- 
entiate this  horizon  as  Reingraben  shales.  The  limestone  beds 
below  these  shales  were  found  to  be  rich  in  Halobia  Lorn- 
melt  and  Ammonites  Aon^  and  were  distinguished  as  Gossling 
strata. 

The  diversified  deposits  of  the  Gossling,  Reingraben,  and 
Lunz  groups  pass  gradually  upward  into  purer  limestone  and 
dolomite  beds,  which  received  the  local  name  of  Opponitz-lime- 
stone^  and  were  found  to  contain  the  characteristic  Lamelli- 
branch  fauna  of  the  upper  or  "Torer"  horizons  of  the  Raibl 
strata  at  Raibl.  The  continuity  of  the  palaeontological  sequence 
in  these  horizons  of  Trias  in  the  north-eastern  Alps  was  the 
more  important,  as  the  succession  of  the  strata  containing  them 
was  held  to  be  undisturbed,  and  therefore  the  order  of  the 
consecutive  palaeontological  types  in  this  locality  was  regarded 
as  a  safe  standard  for  comparison  in  determining  the  age  of 
the  same  faunas  when  they  appeared  in  partial  development  in 
the  scattered  patches  of  fossiliferous  deposits  elsewhere. 

Between  the  years  1865  and  1869,  Laube  published  an 
admirably  illustrated  monograph  of  the  St.  Cassian  fauna,  and 
his  identifications  and  nomenclature  of  the  fossils  corrected 
many  errors  which  had  been  made  by  Miinster  and  Klipstein. 
Laube  emphasised  the  peculiar  character  of  the  St.  Cassian 
fauna,  pointed  out  the  great  difference  between  it  and  the 
much  more  highly-developed  fauna  of  the  Hallstatt  limestones, 
and  the  strong  resemblance  between  the  St.  Cassian  and  Raibl 
faunas. 

In  the  summer  of  1866,  E.  Mojsisovics  von  Mojsvdr  began 
his  Triassic  studies,  which  he  has  continued  for  more  than  thirty 
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Mojsisovics  drew  up  a  parallel  table  of  the  Upper  Trias 
succession  as  presented  in  six  different  localities  of  the  Eastern 
Alps — the  Salzkammergut,  the  North  Tyrol  Alps,  the  Lombardy 
Alps,  the  South  Tyrol  Alps,  the  Karnic  Alps  (Raibl  district), 
and  the  ranges  in  the  foreground  of  the  Austrian  Alps  (Lunz 
district).  The  chief  features  of  this  sub-division,  proposed  in 
1869,  will  be  apparent  from  a  comparison  of  the  parallel 
columns  for  three  of  the  "provinces": — 


NoRic  Alps 

North  Tyrol 

South  Tyrol 

(Salzkammergut). 

Alps. 

Alps. 

Calcareous  flags 

Seefeld  dolomite 

Dolomia  media 

with  SemumotuSf 

Torer  strata 

Dachstein  limestone 

Wetterstein      lime- 

Schlern dolomite 

Welterstein      lime- 

stone 

stone 

Karnic   ^ 
Divbion 

Cardita  strata 

St.  Cassian  strata: 

Lettenkuhle  plants 

I.  Atn,  Eryx 

Cardita  strata  with 

2.  Cardita  crenat a 

Am,  floridus 

3.  Am.  Jloridtis 

Hallstatt  limestone 

Unfossiliferous 

Wengen  strata 

with  Am,  Aono- 

limestone    and 

ideSf  Am.  subbul- 

dolomite 

^     ItUus,  etc. 

Hallstatt  limestone 

Unfossiliferous 

Limestone  and  dolo- 

with Am,  Metier- 

limestone  and 

mite 

nichi 

dolomite 

Zlamliach  strata 

Reichenhall     lime- 

stone 

Salt  deposit 

Hasel     and 

Reichenhall  lime- 
stone 

Noric 
Division  " 

Partnach  dolomite 

Partnach    dolomite 
(Arlberg       lime- 
stone) 

Limestone  and  dolo- 
mite 

Potschen  limestone 

Partnach  marls  with 

Siliceous  limestone 

Corbis  Meiiingi 

with     Halobia 

Ostrca  montis  cap- 

Lommeiif  Am. 

siliSf  etc. 

Archelaus^  etc. 

Nodular    limestone 
with  Halobias 

Halohia  beds 

The  above  sub-division  has  several  serious  stratigraphical 
blunders,  and  cannot  be  regarded  as  an  improvement  on 
the  previous  attempts  of  Hauer,  Richthofen,  and   Gumbel, 
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which,  if  less  ambitious,  were  based  upon  accurate  strwi- 
graphical  investigation  of  the  locality  taken  as  the  type  in  eadi 
case.  But  in  the  new  sub-division  Mojsisovics  assumed  the 
most  important  palseontological  limit  lo  pass  through  the 
middle  of  the  masses  of  limestone  and  dolomite  where  it  na 
an  impossibility  to  fmd  any  straligraphica]  evidence  of  it. 
Nevertheless,  the  swing  of  the  pendulum  of  Austrian  research 
from  the  stratigraphical  to  the  palfeontological  aspect  of  the 
succession  was  not  without  a  distinct  advantage.  All  tfarougli 
the  Eastern  Alps,  in  the  villages  and  valleys,  there  wen;  loal 
collectors  enthusiastically  engaged  in  seeking  and  disintcrrinj; 
the  booty  of  fossils  for  the  Imperial  Museum  in  Vienna  ;  tocb 
were  even  quarried,  and  the  greatest  precaution  taken  to  pro- 
cure the  Cephalopoda  in  as  complete  a  state  as  possible  (rotn 
the  limestone  and  marble  of  the  Sakkammcrgut. 

New  surveys  were  conducted  by  Mojsisovics  in  the  Inn 
valley,  the  Kaiser  mountains,  and  Karnendel  mountains  during 
1869  and  1S70,  and  the  results  of  those  induced  him  lo  niaie 
many  important  alterations  on  his  former  sub-division  of  Upjier 
Trias  in  North  Tyrol.  Now  the  Loner  CarJila  or  r.itln...  h 
strata  were  placed  by  him  beside  the  Tartnach  Dolomite  as 
the  representatives  of  the  Noric  division;  then  came  Catiiji.i 
strata  again  as  the  equivalent  of  St.  C.isslnn  strata  ;  above  ibai. 
the  Wetterstein  limestone;  then  a  third  bori/.on  of  Cardit.i 
strata  corresponding  to  the  Lower  or  Upper  Raibl  bc'ds :  ainl 
finally,  Ihe  Main  Dolomite  as  the  Rha;tic  division.  In  Iho  y^.-.r 
1873  Mojsisovics  identified  the  .Arllierg  limestone  in  A'^r^r!- 
berg  with  I'artnacb  dolomite  in  North  Tyrol  and  Davaria, 
and  contested  the  occurrence  of  Wctterstein  limestone  in 
Vorarlberg. 

Ill  1874,  after  Mojsisovics  had  become  personally  acrjuairneJ 
with  the  South  Alpine  Trias,  he  contributed  a  mcnioir  to  ilie 
Austrian  Jahrhuch,  in  which  he  develo|>cd  his  ideas  rt-^ardn^ 
biological  provinces  in  tiie  Alpine  seas  during  Up[>er  'i'rias^ii: 
eras,  and  the  consequent  local  variations  of  rock-facics.  He 
began  by  demonstrating  tlio  narrow  geogr.iphiial  limits  within 
which  the  C.jihalopod  fauna  of  ll.e  Norie  division  was  ct.n- 
fined  between  lierchtesgadeii  and  the  I^-ilba  mouniaiiis,  aiui 
explained  the  existence  of  a  .special  fauna  on  the  as:iunipiiun 
that  the  area  in  question  during  the  cie|)ositio:i  of  the  Lower 
Ilallslalt  limestone  and  Zlambach  strata  had  been  almost  com- 
pletely shut  off  from  the  other  parts  of  the  .Mpine  Triassic  sei. 
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5.  Rhaetic  Division-! 


He  distinguished  this  particular  biographical  province  as  the 
Juvavic  Province,  According  to  Mojsisovics,  the  beginning  of 
the  era  represented  by  the  Karnic  division  of  the  Upper  Trias 
was  marked  by  the  re-opening  of  a  wider  communication 
between  the  "  Juvavic  Province  "  and  the  much  more  extensive 
Mediterranean  Province  on  the  south  and  west  of  it ;  this  view 
was  based  by  Mojsisovics  upon  his  identification  of  many 
species  in  the  higher  portions  of  the  Hallstatt  limestone,  which 
enjoyed  a  wider  distribution  in  the  Triassic  limestone  and 
dolomite  of  the  Eastern  Alps. 

Whereas  Mojsisovics  in  his  earlier  works  had  not  attributed 
much  importance  to  the  differences  of  facies  which  had  been 
pointed  out  by  Richthofen,  Gumbel,  and  others,  these  relations 
were  now  fully  appreciated  and  made  a  leading  feature  in  his 
sub-division  of  the  Trias.  The  Triassic  zones  were  now  defined 
quite  independently  of  their  lithographical  characters,  solely 
upon  palseontological  characteristics,  and  were  subdivided 
according  to  their  marine  faunas : — 

Dachstein    limestone    and     Kossen 
strata. 

'(</.)  Main  Dolomite. 

\c.)    Raibl  or  Cardita  strata. 

(b. )   Zone  of  Trachyceras  Aonoides, 

(a.)  St.  Cassian  strata  and  the  middle 
portion  of  the  Hallstatt  marble 
(zone  of  Am,  subbullatus). 

\b,)  Zone  of  Daonella  {Halobia)  Lommeii 
and  Trachyceras  Archelaus  (Wengen 
strata.  Lower  Hallstatt  limestone, 
Potschen  limestone,  Partnach  marls 
in  part,  and  Wetterstein  limestone). 

{a.)  Zone  of  Trachyceras  Reiizi  (Buchen- 
stein  strata  in  South  Tyrol;  Zlam- 
bach  strata  in  North  Tyrol). 

\b.)   Zone  of  Am,  Siuderi  and  Daonella 

Pari  ha  tie  ns  is. 
{c.)    Zone  of  Trachyceras  Balatonicum  and 

Peizia  irigonella, 

I.  Bunter  sandstone,  as  in  earlier  sub-divisions,  concludes  with 
the  Campil  series  of  micaceous  sandstones. 


4.  Karnic  Division 


3.  Noric  Division 


2. 


Muschelkalk 
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The  sub-divisions  ot  1874  certainly  introduced  sev*i*l 
changes  for  the  betier ;  it  cancelled  the  Lower  Caidita  sirau 
and  Partnach  dolomite  as  independent  horizons  of  dfpotiL 
U  also  recognised  the  RaibI  strata  in  (heir  true  stratigraphiol 
position  below  the  Main  Dolomite.  In  South  Tyro),  Mojsuovics 
in  1874  assigned  Raibl  strata  to  a  position  aboix  the  Sdilcin 
dolomite  and  btlow  the  Main  Dolomite.  But  in  contrast  to 
Giimbel  and  Emmrich,  Mojsisovics  expressed  himself  as  an 
adherent  of  Richthofen's  Coral  reef  theory,  and  regarded  it  ai 
the  chief  explanation  of  the  fades  differences.  The  "Sclilcm 
Dolomite "  In  South  Tyrol,  he  said,  represented  the  whole 
Noric  and  a  part  of  the  Kamic  division,  and  in  many  i)bcet, 
for  example,  at  the  Mendel,  at  Latemar,  and  at  Marmolita, 
the  "  Mendola  Dolomite  "  facies  replaced  the  Muschclkalk. 

Five  years  later,  in  1879,  Mojsisovics  published  liis  mcnior- 
able  work  on  The  Dolomitt  Reefs  of  South  Tyroi,  accompanied 
by  six  coloured  geographical  map-s!ieels  (scale,  t  -.  100,000). 
The  general  features  of  interest  most  prominently  brought 
forward  by  Mojsisovics  in  this  work  were  his  support  of  the 
Coral  reef  theory,  the  significance  ascribed  by  him  to  lacits 
variations  within  narrow  geographicil  confinirs,  the  corrotora- 
lion  which  appeared  to  be  given  hy  rnimerous  geological  sections 
prepared  in  Soulh  Tyrol  and  Venetia  to  the  subdivision  of 
ihc  Trias  erected  by  the  author  in  1874,  and  the  more  defmito 
boundaries  ascertained  for  the  Juv.nvic  and  Mediterranean 
provinces  of  East  i\l|)ine  Up])cr  Trias. 

The  systematic  collection  of  fossils  in  all  parts  of  the 
KaslLrii  Alps,  which  Mojsisovics  had  been  mainly  insirumtni.il 
in  iiiitinling,  resulted  in  the  accumulation  of  a  v.ist  stori;  of 
fossil  material  in  Vienna,  Again,  there  was  oue  drawback, 
that  as  the  atmospheric  weathering  of  fossils  is  an  extieniily 
slow  process,  the  first  rich  gathering  of  fossils  was  in  many 
cases  picked  up  on  tlie  spot  by  the  local  village  collcciots,  who 
could  not  all  be  ef|eally  ca])able  of  rememlK'ting,  amongst  tht 
hundreds  that  were  eollecled,  the  precise  locality  for  each  indi- 
vidual fossil  form.  And  when  the  geologists  from  Vienna  after- 
wards wishi'i  to  he  inforniici,  there  wrre  loopholes  of  error  thai 
rouUl  not  always  be  controlled.  At  the  s.niie  time,  in  Vienn.i, 
numerous  monographs  of  .Mjiine  fossi!  forms  were  being  pre- 
pared and  published,  and  displayed  sueh  wonderful  beauty  an  J 
diversity  in  .-Vlpinc  faunas  (hat  the  paleontologists  of  all  lands 
looked  with  admiiation  at  the  plates  in  the  Vienna  monographs. 
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The  work  that  has  been  done  by  Mojsisovics  in  the  descrip- 
tion of  the  Cephalopods,  both  in  the  Juvavic  Province  or 
Saizkammergut  (1873-93)  and  in  the  Mediterranean  Province 
(1882),  is  an  achievement  of  permanent  value  and  general 
scientific  interest  The  unusually  narrow  limits  assigned  by 
Mojsisovics  to  each  genus  and  specific  form  increases  the 
difficulty  of  subsequent  identification  of  other  specimens,  and 
has  been  often  a  cause  of  complaint  Unlike  Thomas 
Davidson,  the  founder  of  the  systematic  knowledge  of  Brachio- 
pods,  who  left  it  to  posterity  to  break  up  his  broadly-defined, 
well-marked  genera  and  species  into  several,  if  it  were  found 
practicable  and  desirable  (cf.  p.  400),  Mojsisovics,  who  has 
been  the  chief  exponent  of  Triassic  Cephalopods,  has  founded 
a  system  distinguished  by  the  extreme  differentiation  of  its 
types.  But,  whatever  may  be  the  ultimate  verdict  of  posterity 
on  the  system,  the  work  has  been  so  excellently  produced  that 
it  confers  an  imperishable  boon  both  on  Alpine  geology  and 
zoological  knowledge. 

There  can  be  no  doubt  that  the  keen  palaeontological  sense 
of  Mojsisovics  and  his  subtlety  in  the  differentiation  of  fossil 
forms  so  biassed  his  mind  that,  during  his  surveys  in  the  field, 
he  undervalued  the  possibility  that  other  causes  than  facies 
developments  might  have  produced  the  local  peculiarities  in 
the  appearances  of  the  Triassic  succession.  The  tectonic 
disturbances  caused  by  the  repeated  crust-movements  in 
Alpine  areas  did  not  receive  at  the  hands  of  Mojsisovics  a 
treatment  commensurate  with  their  great  significance.  And 
from  the  year  1866,  when  the  memoir  on  the  geology  of  the 
Hallstatt  area  was  published  under  the  combined  authorship 
of  Suess  and  Mojsisovics,  the  stratigraphical  results  obtained 
by  Mojsisovics  were  frequently  called  in  question  by  other 
geologists. 

Stur,  in  1866,  objected  to  the  position  assigned  by  Mojsi- 
sovics to  the  salt  deposits  and  Hallstatt  limestone.  The 
hydraulic  limestones  and  marls  (afterwards  the  **  Zlambach 
strata  "  of  Mojsisovics)  near  Aussee  covers  the  salt  deposits  of 
that  area;  in  these  limestones  Stur  had  found  corals,  and 
close  beside  them  Ammonite  species  identical  with  those  in 
the  Hallstatt  limestone.  Again,  in  certain  shales  below  the 
salt  deposits  of  Aussee,  Stur  had  found  Halobia  I^mmeli,  a 
typical  species  of  the  "  Buchenstein  "  or  upper  horizon  of  the 
Alpine  Muschelkalk  in  South  Tyrol,  and  of  the  Gossling  series 
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ill  the  Lunz  Tacies.  Stur,  who  had  idenlified  the  Halahia 
Lommeli  horizons  in  the  tower  Austrian  Alps  confonnalily 
bdlow  tlie  Lunz  series,  concluded  that  the  Zlambach  sttau  and 
the  salt  deposits  were  in  ihe  main  the  equivalents  of  the  Luni 
series  {ftiile,  p.  483).  But  in  this  case,  as  pad  of  the  Luru 
series,  had  been  proved  pals  out  ologically  to  be  the  equivalent 
of  the  more  prevalent  "RaibI"  fades,  Stur  concluded  that 
part  of  the  Hallstatt  limestone  must  be  ihe  equivalent  of  the 
"  Main  Dolomite  "  facies  of  Upper  Keuper  in  North  Tyrol  and 
Bavaria.  This  was  a  much  higher  slraligraphical  position  than 
Mojsisovics  assigned  to  the  Hallstatt  limestone  in  his  publica- 
tions of  1866  and  i86g  (see  Table  on  p.  485). 

In  1871,  in  a  work  entitled  Tht  Geolop  ef  Styria,  Stur  gave 
an  exposition  of  the  Triassic  succession  in  that  area  which  had 
the  advantage  of  being  founded  wholly  upon  his  own  pereonal 
field  observations,  and  which  likewise  carried  out  the  cocn- 
parative  aspect  of  Alpine  and  extra-Alpine  deposits  so  strongly 
recommended  by  Giinibel.  The  Upper  Trias  or  "Keuper" 
divisions  were  thus  determined  by  Stur  for  the  Styrian  district, 
and  compared  iviih  other  Alpine  facies- — 
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The  chief  error  in  Stur's  sub-division  of  Trias  was  his  removal 
of  the  salt  deposits  from  their  association  with  Lower  Trias  to 
a  place  in  the  much  higher  Keuper  series. 

Giimbel,  in  1873,  wrote  a  paper  Das  Mendel  und  Schlern 
Gebieti  which  was  published  in  the  reports  of  the  Bavarian 
Academy  of  Sciences.  Giirabel  proved  that  the  Mendola 
dolomite  in  its  development  at  the  Mendel  corresponds, 
as  Richthofen  had  stated,  to  the  Muschelkalk  dolomite 
with  Gyroporella  pauciforata  in  the  typical  section  of  the 
Pufls  ravine,  but  that  the  higher  horizons  of  the  Mendola 
dolomite  at  the  Mendel  correspond  with  Schlern  dolomite. 
Giimbel  contended,  therefore,  that  the  name  of  "Mendola 
dolomite"  was  unnecessary.  The  Buchenstein  strata  are 
absent  at  the  Mendel,  but  at  the  Schlern  and  Seis  Alpe  area 
they  are  present  and  are  succeeded  by  shales  (pietra  verde) 
containing  Halohia  and  Posidonoviya  Wengensis ;  above  these 
shales,  Giimbel  distinguished  in  ascending  order  the  St. 
Cassian  strata,  the  Schlern  dolomite,  the  red  Raibl  marls  and 
thin-bedded  series  of  the  Schlern  plateau.  Giimbel  errone- 
ously compared  the  "Buchenstein"  horizons  in  South  Tyrol 
with  the  **  Partnach  "  horizons  in  North  Tyrol,  and  consigned 
both  to  the  period  of  Upper  Muschelkalk.  In  GiimbeFs  work 
the  Lettenkohlen  or  Lower  Keuper  group  was  said  to  be 
represented  in  South  Tyrol  by  the  St.  Cassian  series,  or  its 
dolomitic  facies. 

Giimbel  strongly' insisted  that  the  Schlern  dolomite  was  a 
stratified  marine  deposit,  originally  calcareous,  and  rich  in 
Gyroporella  ;  that  it  had  extended  over  a  considerable  part  of 
South  Tyrol,  and  was  not  a  coral-reef  structure.  Gumbel 
identified  the  Raibl  strata  of  South  Tyrol  with  the  Upper 
Cardita  strata  in  South  Tyrol,  and  agreed  with  Sandberger 
that  they  were  the  Alpine  facies  of  the  lower  horizons  in  the 
extra-Alpine  "gypsum  Keuper."  He  still,  however,  adhered 
to  the  independent  existence  of  Lower  Cardita  strata  in  North 
Tyrol  as  a  fossiliferous  zone  below  Wetterstein  Limestone  in 
that  area. 

In  1874,  Von  Richthofen  published  in  the  Zeiischrift  of  the 
German  Geological  Society  a  reply  to  Giimbers  various  points 
of  attack  on  his  work  in  South  Tyrol.  Richthofen  admitted 
that  he  had  overlooked  the  identity  of  the  upper  part  of  the 
Mendola  dolomite  with  Schlern  dolomite,  but  nevertheless 
held  that,  as  the  two  horizons  of  dolomite  were  palaeontologi- 
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In  addition  to  the  writings  of  T.  N.  Dale  (1876), 
G.  Curioni  (1877),  and  Lepsius  (1878),  on  portions  of  the 
Lombardy  Alps  and  Etsch  Valley,  Benecke  has  done  much 
valuable  work  in  the  vicinity  of  Lake  Garda,  the  Adamello 
Massive  and  Judicarian  Alps,  and  Bittner  has  contributed 
excellent  stratigraphical  accounts  of  the  complicated  Judicarian 
district  (1879-83),  and  the  neighbourhood  of  Recoaro  (1883). 
Amongst  the  most  important  palseontological  contributions 
are  ranked  the  monographs  by  Kittl,  J.  Bohm,  and  Koken  on 
the  Triassic  Gastropods  of  South  Tyrol,  by  Bittner  on  the 
Brachiopods  and  Lamellibranchs,  and  the  monograph  by 
Salomon  on  the  stratigraphical  relations  and  the  fauna  of  the 
Marmolata  Mountain  {Palaontographica^  1895). 

In  the  Northern  Alps  there  has  continued  the  greatest  in- 
security about  the  true  position  of  the  Hallstatt  limestone  and 
the  parallelism  of  Partnach  strata  and  the  various  horizons  of 
Cardita  strata.  A  geological  investigation  of  the  Karwendel 
mountains  was  commissioned  by  the  German  and  Austrian 
Alpine  Club,  and  was  excellently  carried  out  under  the 
direction  of  Rothpletz  by  several  members  of  the  Munich 
School  of  Geology.  The  results,  published  in  1888,  showed 
that  typical  "Cardita"  strata  lie  below  the  Main  Dolo- 
mite of  North  Tyrol,  and  their  fauna  undoubtedly  differs 
from  the  Partnach  strata  which  underlie  the  Wetterstein 
limestone  and  contain  Koninckina  Leonhardt\  typical  Sl 
Cassian  fossils. 

Almost  simultaneously  with  the  publication  of  these  results, 
Wohrmann  showed  that  the  plant-bearing  sandstones  near 
Partenkirchen,  which  had  been  relegated  by  Giimbel  to 
Partnach  strata,  were  layers  interbedded  with  the  upper 
Cardita  or  Raibl  deposits.  Skuphos  traced  the  development 
of  the  Partnach  strata  through  a  considerable  region,  and 
showed  that  they  continually  form  the  basis  of  the  Wetterstein 
limestone,  and  exhibit  sometimes  a  marly,  sometimes  a  cal- 
careous lithological  character.  As  Fraas  had  said  in  1893, 
in  his  admirable  description  of  the  geology  of  Wendelstein 
Mountain,  the  fossils  of  the  Partnach  strata  have  the  closest 
resemblance  to  the  fauna  of  St  Cassian  or  to  that  of  the 
Reiflinger  strata  in  North  Tyrol,  and  are  best  regarded  as 
Upper  Muschelkalk. 

Skuphos  contended  that  the  Lower  Cardita  strata  of  Pichler 
were    palaeontologically    identical    with     Raibl    strata;     and 
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jRAa/ic  formsiixon.  Mojsisovics,  who  had  in  1869  placed  the 
Hallstatt  limestone  partly  in  his  Noric  and  partly  in  his  Karnic 
division  of  the  Trias,  shortly  after  discovered  Piychites 
Siuderi  and  other  Cephalopod  species  characteristic  of  Alpine 
Muschelkalk  in  red  marble  and  limestone  on  the  shores  of 
the  Lake  of  Hallstatt.  Further  discoveries  near  Hallein  and 
Serajewo  established  a  considerable  extension  of  this  facies 
of  Upper  Muschelkalk.  To  the  same  horizon  Mojsisovics 
referred  the  Muschelkalk  strata  of  Sintwang  near  Reutte,  the 
Triassic  Cephalopods  of  the  black  limestone  in  the  Himalayas, 
and  a  number  of  Ammonites  from  Spitzbergen  and  Eastern 
Siberia,  which  have  been  described  in  monographs.  The 
Hallstatt  fauna  was  also  found  in  Transylvania  in  1875  and 
afterwards  in  California  and  other  localities,  hence  it  became 
abundantly  clear  that  the  name  of  "  Juvavic  Province"  was  no 
longer  suitable  for  the  Hallstatt  area,  since  the  characteristic 
fauna,  instead  of  having  been  confined  to  a  small  area  in  the 
Austrian  Alps,  had  apparently  been  widely  distributed  in  the 
vast  ocean  of  the  Upper  Triassic  epoch.  Correlatively,  the 
''Mediterranean  Province"  lost  its  value,  and  Mojsisovics  in 
1892  found  it  necessary  to  give  up  these  supposed  biological 
provinces  of  the  Alpine  Trias. 

Bittner  had  made  considerable  collections  of  fossils  in  the 
limestones  of  the  Hagen  mountains,  the  Hohe  Goll,  and  at 
Hernstein  in  Lower  Austria.  After  examination  of  these 
fossils  in  1882  and  1884,  he  recognised  the  fossiliferous 
limestones  in  which  they  occur  as  interbedded  in  the 
Dachstein  and  Main  Dolomite  series.  From  the  fossil 
resemblances  Bittner  supported  the  opinion  of  Stur  that  the 
Hallstatt  limestone  was  an  equivalent  of  the  Dachstein 
limestone  and  Main  Dolomite.  Mojsisovics  verified  Bittner's 
observations  and  at  the  same  time  stated  that  the  so-called 
Zlambach  strata  were  only  argillaceous,  lenticular  intercalations 
in  the  "Noric"  Hallstatt  limestone.  But  as  the  supposed 
position  of  the  Zlambach  strata  at  the  base  of  the  Hallstatt 
limestone  had  been  the  security  previously  given  for  the 
inclusion  of  part  of  the  Hallstatt  limestone  in  the  Noric 
division,  the  position  of  that  portion  of  the  limestone  was 
now  rendered  doubtful.  Mojsisovics  thereupon  transferred 
the  "  Noric  limestones "  of  his  earlier  systematic  arrange- 
ment of  Upper  Trias  (cf.  p.  487)  to  a  position  above  the 
Karnic  division.     The  name  of  "  Juvavic,"  which  had  proved 
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standpoint.  The  palcsontological  sequence  established  in  the 
A^ps  was  applied  to  the  Himalayan  development  of  Trias  with 
a  few  slight  modifications.  VVaagen,  Diener,  and  Mojsisovics, 
who  investigated  the  Eastern  faunas,  divided  the  whole  of  the 
Triassic  system  into  four  series  (Skytian,  Dinarian,  Tyrolean, 
and  Bajuvarian),  further  sub-divided  into  eight  groups,  fifteen 
sub-groups,  and  twenty-two  zones. 

At  the  present  time,  the  general  succession  of  the  Alpine 
Trias  may  be  said  to  be  fairly  definite,  but  there  is  still  some 
variance  of  opinion  regarding  the  parallelism  of  the  Alpine  and 
extra-Alpine  divisions.  For  example,  there  is  no  certainty  yet 
where  the  Alpine  Muschelkalk  may  be  said  to  end  and  the 
"  Lettenkohlen "  group  to  begin;  whether  the  VVetterstein, 
Esino,  and  Marmolata  limestones  and  the  St.  Cassian  strata 
may  be  referred  to  the  uppermost  horizons  of  Muschelkalk  or 
regarded  as  members  of  the  "  Lettenkohlen "  group  in  the 
Alps;  again,  whether  the  Lunzand  Raibl  strata  in  the  Alps  cor- 
respond to  the  "  Lettenkohlen  "  group  or  the  lower  Gypsum- 
Keuper  in  the  extra-Alpine  development  of  Trias. 

G.  The  Jurassic  System. — In  the  very  beginning  of  the  nine- 
teenth century  the  fundamental  features  of  the  Jurassic  succes- 
sion had  been  so  securely  established  by  William  Smith  that 
subsequent  observers  had  little  to  amend.  The  Jurassic 
deposits  have  attained  a  remarkably  typical  and  perfect  de- 
velopment in  England.  No  serious  obstacles  of  any  kind  are 
interposed  in  the  path  of  the  observer;  no  great  tectonic  dis- 
turbances, foldings,  fractures,  or  high  inclinations  of  the  strata; 
no  sudden  changes  of  facies,  and  no  gaps  in  the  sedimentary 
series.  The  straightforward  aspect  of  the  stratigraphical  rela- 
tions, together  with  the  characteristic  lithological  development 
of  each  individual  member  of  the  series,  and  the  extraordinary 
wealth  of  fossil  remains,  has  rendered  England  the  classic 
ground  of  the  Jurassic  system. 

William  Smith  at  first  treated  the  successive  strata  as  equal 
in  rank,  and  although  he  afterwards  (1815  and  181 7)  united 
them  into  groups,  these  were  not  well  defined  and  underwent 
modifications  before  they  were  received  into  the  literature. 
Conybeare  and  W.  Phillips  comprised  under  the  name  of 
Oolitic  series  all  the  strata  between  the  ferruginous  sand 
(lowest  Cretaceous)  and  the  red  marl  (Triassic).  The  same 
geologists  classified  the  Lias  as  an  independent  basal  forma- 


T'-?iJyG\-   AXD   PALtOKTOLOGY. 

the  OoUttc  formalko 

cundailing  vnli  the 

Mig  ibe  rodu  Ann 

Ibe  CMng;  tbc  C^/er  OnSm. 

'"     CUylotbePurbeck 

_y  Bf  tbe  Vorkshire  ooBl. 
I  »tK>  I9  Vi^V  lai  Krd,  coutribuled  tnanT 
'oMrt*  «MB^n^  aai  (Md  aBBiiiiim  of  the  charus 
Wioc  li^^  s  tfvaiB.  ■■  a  ^dA  more  nsporunt  work 
m  ag jiiiH Ljj  rf TwJnftMf  ■ii  ydbfafced by  John  Phiaipi w 
«S3^>  llM  onai^  «ihia«C9^«ko  bad  been  mined  bjphii 
s>c^  V.  &ril^  4aam^M^ai  tlw  pvcKooe  in  Yorluhiit  of 
nnff  tf  **«■■»  fcwiB  ia  4k  aosA^cit  of  EngUod.  Br 
■n^ma  «r  jiiritapcrt  WKMt  W  tfTitJrti  il  their  exMt  SWiM- 
^n^  ombmhmm  HVHvk  OMttctRVtic  Of  cacD  gtottpi  via 
n"?  t«  ■e»rf*tfc«aM!rtffe».  ^nnonsBMBOtreby  Deb 
-.  ;..,  .  ;.  1-;  >.-;^.:«  ;r->;i-;i  be:n-ee:i  iSj- anj 
-:._-.        .:  ir..-;;.    .- ".-t.-:.--  :i-carJin-  ihe  Oolite 


.-■  t   S"-^::   -  l-^-.TTi'tn   l:::;   Oolitic  anii 

-:,■  --:  ■>.  iS.-.-  -.-na-.  ;he  Oolitic  a;iJ 
:'-.;  ?  ^-.'r-  ,-,m-:  o!"  England  reappeared 
a-i     K.V.r    and     Ki;:in    subsequentlv 

■a;.>^re-s-j7-Me7.  wLth  a  liiholo.iiL-al  de- 
le va:i;al>k  n-.-jinofr^  on  the  NormanJ* 
;  and  'bowed  in  geological  seciio.ii  ibv- 
if  the  Kimnierid^e  group,  the  Coralr.i.-, 
rit,  O^ford  CUv.  Corn  brash,  ^"or^■^■. 
FuIkTs'  Earth' (Arcile  de  I'oricN 
and  l.ias.  irt-  also  drew  attention  10 
:oiii[>lex  of  strata   then   unknown   (lal 


STRATIGRAPHICAL  GEOLOGY.  499 

caire  de  Valognes)  between  the  Lower  Lias  and  the  Trias, 
which  afterwards  proved  to  be  in  part  an  equivalent  of  the 
Rhgetic  series. 

While  it  was  comparatively  easy  to  determine  the  parallelism 
between  the  succession  of  Oolite  deposits  in  the  North  of 
France  and  the  succession  in  England,  it  was  a  much  more 
difficult  matter  to  compare  the  German  and  Swiss  deposits 
of  the  same  age' with  the  English  types.  In  1795,  when 
Humboldt  travelled  through  Bavaria  and  Switzerland  on  his 
way  to  Upper  Italy,  he  described  a  thick  series  of  limestones 
"  between  the  old  Gypsum  (of  the  Zechstein  formation)  and  the 
newer  sandstone  (Bunter  sandstone),"  both  in  the  Franconian 
Alps  and  the  Swiss  Jura  Chain,  and  he  applied  the  name  of  "Jura 
Limestone"  to  this  massive  development.  Ami  Bou^  in  1829 
defined  the  stratigraphical  position  of  the  "  Jura  Limestone  " 
more  accurately ;  he  limited  the  term  to  the  limestone  above 
the  Lias  and  below  the  Wealden  formation.  In  the  same  year 
Brongniart  had  selected  tfie  term  Terrain  Jurassique  for  the 
sedimentary  deposits  comprised  within  almost  the  same  limits. 
Rengger,  also  in  the  same  year,  contributed  a  memoir  on 
the  "Aargau  Jura,"  under  which  name  he  comprised  all  the 
rocks  between  the  Bunter  Sandstone  and  the  Molasse 
— practically  all  the  Mesozoic  rocks  and  the  older  Tertiary. 
Rengger's  section  through  the  Aargau  Jura  shows  that  he 
never  understood  the  repetition  of  strata  caused  by  tectonic 
disturbances,  and  he  assigned  each  recurrence  of  the  typical 
limestones  to  a  younger  geological  epoch. 

Similar  views  were  shared  by  Merian  when  he  first  wrote 
on  the  Swiss  Jura  mountains ;  but  as  his  investigations 
continued,  he  explained  the  repetitions  of  certain  strata  as  a 
result  of  the  curvature  of  the  crust  An  important  work  by 
E.  Thirria  on  the  Jura  of  the  Haute  Saone  showed  that  in 
the  French  Jura  Chain  the  Lias  was  succeeded  by  a  richly 
diversified  complex  of  strata,  which  Thirria,  in  accordance  with 
Brongniart's  suggestion,  called  "Terrain  Jurassique"  and 
arranged  in  a  number  of  sub-divisions.  These  were  compared 
with  the  English  sub-divisions  on  the  basis  of  the  identification 
of  the  fossils  by  Voltz.  The  literature,  however,  was  not  yet 
sufficient  for  an  exact  comparison  of  the  fossils,  and  although  the 
attempt  was  well  planned,  there  were  several  palaeontological 
blunders.  The  four  chief  divisions  of  Thirria  were  as 
follows : — 
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Siili-iiiv.  4.  About  40  feet  of  ferruginous  clay*  for  which 
Thirria  could  not  lind  an  Hnglish  equivalmi. 
{These  were  Tertiary  deposits,  enunuuujly 
included  hy  Thinia  with  the  Jtinnic 
formation.) 

Sub-div.  3.  Over  aoo  feet  of  rock  corresponding  with  the 
Kimnieridge  Clay  and  Portland  Stone,  but 
exhibiting  in  the  upper  horizons  a  lithologial 
and  palKontological  development  different 
from  the  Enghsh. 

Sub-div.  2.  About  350  feet  of  rock  corresponding  with  ibe 
Kellaways  Rock,  Oxford  Clay,  and  Coralrag  in 

England. 

Subdiv.  I.  About  370  feet  of  rock  including  five  well- 
marked  horizons  paifeoiitologically  compaobk 
with  Ihc  Inferior  Oolite,  Fullers'  Earth,  Gtv31 
Oolite,  Forest  Marble,  and  Cornhrash  of  lU-.- 
English  series. 

The  memoir  by  Thirria  was  one  of  the  best  of  the  ol.kr 
jiubtirations  on  Jurassic  deposits,  although  it  f;avc  nii 
information  rejjarding  Ihc  tectonic  structure  of  the  arun 
uxamincd.  It  was  soon  over-shndowcd  hy  ibc  greatness  of 
Tburmann's  tectonic  and  orographical  studies  in  the  Wt-sti-M 
part  of  the  Swiss  Jura  mountains.  The  original  idt.ij 
formulated  by  ihc  geologist  of  Porrentruy  regarding  tl:o 
])rocesses  of  mounlain-mnking  have  already  Iwen  nientiontii 
(i>.  302).  In  tivo  memoirs,  published  iS.js  and  iS^^i. 
'I'burmann  gave  an  admirable  exposition  of  the  stratigraphy 
of  tlie  Iterncse  Jura.  Volt/  in  Slrasburg  rendered  willmi,' 
assistance  in  identifying  the  fossils  and  determining  liic 
parallelism  of  the  rocks  with  foreign  equivalents. 

Thurmann  distinguished  the  following  sub-divisions  in  ihe 
Terrain  Jurassique  :  — 

C:.    U/'p'-r  Juf-nssic  or  Porlhind  (hoiip, 

75.    I'orllaud  Limestone  with  F.xo-:n,-ra  vh;::„la,  etc. 
[.).  Kimmcridge  Marl  nf  l.e  Itanne,  very  fossil ifcri>in 
{Esiy:i\nt  '.-iri^ii/ij,  J'te/wcrLH  Oceaiii.  MxUiui 
Jurensh,  etc.). 
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B.  Middle  Jurassic, 

(b)  Corallian  group. 

13.  Astarte  Limestone. 

12.  Nerinea  Limestone. 

II.  Coral  Oolite. 

10.  Coral  Limestone. 
(a)  Oxford  group. 

9.  Terrain  k  chailles. 

8.  Oxford  Clay  and  Kellaways  Rock. 

A.  Lower  Jurassic  or  Oolite  Group, 

7.  Dalle  nacrde  (  =  Cornbrash  ?). 

6.  Calcaire  roux  sableux  (  =  Forest  Marble?) 

with  Ostrea  Knorri. 
5.  Great  Oolite  {Piagiostoma  elongaiay  etc.). 
4.  Marls  with    Ostrea  acuminata   (  =  Fullers* 

Earth  ?). 
3.  Compact  Oolite. 
2.  Ferruginous  Oolite. 
I.  Gr^s  superliasique  (marly  Sandstone). 

Terrain  Liasique, — The  works  of  Merian,  Thirria,  and 
Thurmann  were  supplemented  by  Count  von  Mandelslohe's 
memoir  entitled  Sur  la  Constitution  geologigue  de  PAlbe  du 
Wurtemberg  (1836).  Mandelslohe  contributed  several  good 
geological  sections,  and  drew  a  careful  comparison  between 
the  palseontological  sequence  of  the  deposits  in  the  Swabian 
Jura  and  that  exhibited  in  the  Jurassic  deposits  of  England, 
Switzerland,  and  France. 

Dufrenoy  and  Elie  de  Beaumont  commenced  their  in- 
vestigations on  the  French  Jurassic  deposits  in  1825.  The 
more  important  results  were  communicated  in  several 
memoirs,  which  were  then  published  collectively  in  four 
volumes  in  the  year  1838.  Ten  years  later  a  comprehensive 
account  of  the  *' Terrain  du  calcaire  Jurassique"  was  given 
by  the  same  two  authors  in  elucidation  of  the  geological  map 
of  France.  This  was  for  several  decades  the  standard 
work  on  the  Jurassic  deposits  of  France.  Dufrenoy  and 
De  Beaumont  defined  and  sub-divided  the  "  Terrain 
Jurassique"  of  France  precisely  after  the  model  of  the  English 
authors.  They  succeeded  in  demonstrating  the  parallelism  of 
all  the  main  sub-divisions  in  the  French  and  English 
developments   of    the   series,    and    introduced    into    French 
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geology  the  Eoglish  nomenchlure :  Calcaire  PortbixbcB, 
Argiles  Kimmeridgietmes  and  Oxfordiennes,  Cotalrag.  Com- 
br3:>h.  Granil  Ooliie,  etc.  Al  the  same  time  they  rarinl  ik 
English  Domendatute  on  certain  points  where  ihe  Fn:i>di 
development  differed  in  any  marked  degree  ftooi  the  Eogtuh. 

The  Gtiterai  Surety  af  tlu  Orographic  and  Ge^s/wttu  ttdo- 
tiiau  if  yorth-WesUrn  Germany,  a  work  published  in  1I30 
by  Friedrich  HoSmonn,  described  the  Jurassic  succusiioa 
in  that  district  in  gteater  detail  than  a  previous  contribution 
by  Hausmaon  (1S14)  Roemer,  Koch,  and  Dunlter  made 
the  Genoan  Jurassic  fossils  the  subject  of  palaeontological 
monogiaphsr  and  their  results,  t:iken  in  conjunction  with  the 
{^logical  map  and  sections  of  Hoffmann,  showed  titat  the 
equi^Ients  of  the  English  Jurassic  formations  were  oeJt 
represented  in  North-Western  Germany.  Thus  it  seemed  ai  if 
the  Enghsh  development  of  the  Oolitic  and  Liassic  fonnalions 
could  be  regarded  also  as  a  standard  for  the  leading  featuta 
of  the  Terraiit  Jiiratsi^ite  in  France,  Switzerland,  and  Nonii 

While  it  was  Thurnunn  who  provided  the  clui:  to  iho 
str;i:i^rui'hy  and  tt'ctijiiic  structure  of  the  Dcrntsu  Jutj 
nKiuti:.i;ns.  to  GfL'ssly  belongs  the  credit  of  having  for  the 
first    tiuK'    cluciiiatL-d    the    lithologtcal    and    iialKoiitolo-i'al 
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ment  of  facies  of  a  geological  horizon  was  characterised  by  a 
particular  kind  of  fauna,  and  that  certain  genera  and  species, 
however  frequently  they  might  occur  in  some  lithological 
deposits,  were  entirely  excluded  from  rock-deposits  of  the 
same  age,  but  with  a  different  lithological  constitution. 
Gressly  described  in  great  detail  the  various  forms  of  rock- 
facies  which  occur  in  the  Solbthurn  Jura  (mud  facies,  coral 
facies,  sponge  facies;  pelagic,  sub-pelagic,  littoral  facies,  etc.), 
named  the  fossil  types  which  were  characteristic  of  each,  and 
judging  both  from  the  mineral  constitution  of  the  rocks  and 
the  fossil  organisms  contained  in  them,  he  drew  conclusions 
regarding  the  mode  of  origin  of  the  respective  rock-formations. 

The  differences  between  littoral  deposits,  shallow-water  and 
deep-sea  deposits  were  distinguished,  and  also  the  variations 
exhibited  by  deposits  accumulated  in  the  open  ocean,  or  in 
partially  enclosed  basins.  Examples  were  likewise  given  of 
transitional  or  passage  beds  in  areas  connecting  any  two 
characteristic  facies-developments.  On  the  whole,  Gressly 
found  that  the  facies  variations  in  the  Solothurn  Jura  were 
insignificant  in  the  Triassic,  Liassic,  and  older  Oolite  deposits, 
but  were  extremely  important  in  the  Middle  and  Upper 
divisions  of  the  Oolitic  series.  {Observations  geologiques  sur 
U  Jura  SoUurois^  1838-40-41.) 

By  a  remarkable  coincidence,  a  French  geologist  arrived 
theoretically  at  views  closely  resembling  those  demonstrated 
by  Gressly  in  the  field.  Constant  Provost,  in  1838,  contributed 
an  article  to  the  Bulletin  of  the  French  Geological  Society, 
which  had  special  reference  to  a  previous  memoir  by 
Prestwich.  Provost  explained  how  in  each  geological  epoch 
there  must  be  contemporaneous  deposits  of  pelagic,  littoral, 
fluvio-marine,  fresh-water,  and  tefreslrial  origin,  replacing  one 
another  locally.  Hence  the  mere  lithological  character  of  a 
rock-deposit  could  never  determine  its  geological  age.  Provost 
also  elucidated  the  correlation  of  the  faunal  types  with  the 
various  kinds  of  deposit.  Calcareous  deposits  would,  he  said, 
always  contain  other  forms  of  organic  life  than  arenaceous  or 
argillaceous  deposits  ;  on  the  other  hand,  deposits  of  the  same 
lithological  character,  although  of  different  geological  age, 
might  contain  very  similar  fossil  types.  As  an  example  of  the 
varying  constitution  of  contemporaneous  deposits  Prevost 
cited  the  coarse  limestone,  the  siliceous  limestone,  and  the 
gypsum  of  the  Paris  basin  ;  while  he  illustrated  the  occurrence 
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of  similar  fossil  remains  in  deposits  of  different  geological  age 
but  the  same  Uthological  character,  by  referring  to  ihc  lignilt 
formations  below  and  above  the  coarse  limestone  of  the  I'uis 
basin  and  in  the  Isle  of  Wight 

Gressiy  was  so  strongly  impressed  with  the  variability  of  rocks 
considered  in  horizontal  succession  that  he  discountenanced 
the  prevailing  endeavour  to  identify  in  all  the  other  European 
areas  the  same  palxontological  and  lithological  sequence  as  had 
been  established  for  England.  In  his  opinion  this  falUciom 
method  was  preventing  the  foreign  geologists  from  arriving  M 
a  true  conception  of  the  characteristics  of  the  Jurassic  succes- 
sion in  their  own  countries. 

The  continental  study  of  the  Jurassic  system  received  a  not 
impulse  when  Leopold  von  Duch  published  his  remarkable 
meinoir,  On  the  Jurassic  Rtxki  in  Gertnany  (1839).  In  short, 
clear  sentences  Leopold  von  lluch  sketched  the  extension  and 
the  orographical  character  of  the  South  German  Jura.  Aliovc 
the  Lias,  which  spreads  everywhere  below  the  higher  Jurassic 
rocks,  the  northern  edge  of  the  Swabian  and  Kranconian  Al|i 
ascuiids  bharjily  from  the  plains  in  front.  Isolated  Jurassic 
hills  rise  amid  the  plain  like  island  masses.  This  peculiar 
configuration,  in  liiich's  opinion,  is  not  a  result  of  a  suhsf- 
quunl  movement  of  i:l::v.'uion  or  of  advanced  denudation,  bal 
is  associated  with  the  condiiions  unJer  which  thi;  Jur.issic  rocki 
originaied.  He  coiiipnreii Ihc praait  amfiguralion  iv.'/h  the s Up 
vtilt-r  slope  of  a  coral  reef,  arid  e.xprcssfJ  his  conviclion  that  llu 
iiwjbkut  Fiiuiconittn  Alf  represents  the  reimiim  oj  such  ,1  iicf- 

The  tectonic  disturbances,  foldings,  and  antidinLS  in  iIk 
Swiss  lura  were  said  by  liuch  to  havu  been  connected  with  the 
Alpine  upheaval ;  the  origin  of  the  Franconian  I  ),il  jmite  was 
traced  to  the  occurrt-nce  of  a  crnsi  rupture  e.vteiiding  paralkl 
with  the  Havarian  i'ort-st,  into  which,  according  to  IJuch,  sub- 
terranean magnesia  vapours  cscapcil,  and  by  rlicmical  iiUi:i- 
iglibourhood  was  convcriL-d 

deposits  i 


into  dolomite. 

liuch  snbdivi, 

Lied   the  .Sonlh  (lerniai 

1  Jurassic  d< 

three  cIiilT  j;roii|i 

-..    Tpper  or  While  lut 
2     Middle  or  l!i.>wn  Ji 
I.  Lower  or  Dlack  Jur 

a'i;i.ias1. 

A    sho,-t    dcscri|i 

itii;ii    of   each    grouji 

was    given 

and  a  comparist 

m   draivn   between  ihi. 

;  South   Get 
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and  those  of  similar  age  in  England  and  France ;  at  the  same 
time  Buch  expressly  stated  that  in  consideration  of  the  many 
contrasts  presented  by  the  South  German  facies,  both  palaeonto- 
logically  and  lithologically,  it  is  very  undesirable  to  attempt  to 
apply  the  English  nomenclature.  It  was  shown  that  the  three 
leading  gioups  might  be  again  sub-divided  into  a  number 
of  palseontological  zones  characterised  by  certain  definite 
leading  fossil  types  ("Leitrauscheln").  Buch  concluded  this 
interesting  work  by  an  enumeration  of  one  hundred  and  two 
carefully  described  species  of  the  '*  leading  molluscan  types " 
characteristic  of  the  successive  rock-horizons. 

The  foundation  was  thus  laid  for  the  geology  of  the  Swabian 
and  Franconian  Jura  by  Buch,  but  the  main  structure  was 
built  up  by  F.  A.  Quenstedt  in  after-years  in  his  memorable 
UedXxsQ  Das  F/oizgebirge  Wiirfembergs  {i?t^^  and  1851).  The 
three  chief  divisions  of  Buch  are  sub-divided  into  sub-groups 
and  zones  according  to  their  petrographical  development 
and  palaeontological  features,  and  the  zones  are  distinguished 
by  letters  of  the  Greek  alphabet.  In  tiiis  way  the  Lias 
and  the  brown  and  white  Jura  are  each  of  them  resolved 
into  six  zones,  the  oldest  of  which  is  designated  as  a,  the 
youngest  as  f.  Quenstedt's  eighteen  zones  of  the  Wiirtem- 
berg  development  of  the  Jurassic  system  have  since  shown 
themselves  to  be  well  founded,  although  they  are  not  all  of 
equal  palseontological  value.  Clearly  Quenstedt,  for  the  sake 
of  symmetry  in  the  number  of  zones,  defined  some  of  them 
within  rather  narrower  limits  than  others. 

It  was  a  great  deficiency  in  Quenstedt^s  work  that  he  had 
made  no  attempt  to  describe  the  tectonic  structure  of  the 
area,  or  even  to  show  by  maps  or  sections  the  stratigraphical 
mode  of  occurrence  of  the  strata.  In  1 853,  Quenstedt  remedied 
this  by  publishing  a  typical  geological  section  of  the  Swabian 
Jura  carried  out  by  his  pupil  VV.  Pfizenmayer  (Zeitsch.  d.  d.  geo/. 
Ges.^  Taf.  xvi.). 

The  work,  however,  which  gave  Quenstedt  a  pre-eminent 
place  in  the  roll  of  fame  was  that  which  appeared  in  1858 
under  the  simple  title  of  Der  Jura.  In  it  Quenstedt  gave  a 
marvellously  attractive  exposition  of  the  results  of  his  nineteen 
years'  researches  on  this  formation ;  the  description  and 
illustrations  of  the  fossils  in  Der  Jura  are  excellent,  and  the 
keen  and  accurate  observation  even  of  the  most  concealed 
features  calls  forth  the  highest  admiration.     The  work  found 
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a  wide  circulation  among  non-proressional  cLisses,  ind  Cteat 
a  popular  interest  in  fossil  remains.     Numerous  coUecton  ai 
dilettantes  read  their  "  Queiistedt "  over  and  over  again,  x 
tried   to  apply  the  same   methods  of  arrangement  to  tb« 
particular  collections.     And  ihe  farmers  of  the  neigh bourhood 
were  so  well  trained  by  Quenstedl  not  to  overtook  any  of  ibc 
fossil  riches  that  might  haf^n  to  be  exposed  in  thv  cou»e  of 
ficld-cultivaiion,  they  became  quite  proficient  in  identifying  the 
fossils  and  in  recognising  the  individual  eones  by  Quenstedl'i 
designations. 

Quenstedt  gave  little  heed  to  the  rights  of  priority,  and  on 
account  of  his  neglect  of  the  formal  rules  in  palcontologial 
science  came  into  conflict  with  D'Orliigny.  Neither  did  (^co- 
stedt  care  to  institute  a  close  parallelism  between  the  Englidi 
and  French  Jurassic  formations  and  those  in  \Viirteinbeig ;  he 
merely  indicated  the  correspondence  of  the  main  sub-dtvi«aai 
in  Wurtemberg  with  similar  groups  in  the  adjacent  areas,  mi 
on  principle  refused  to  use  the  English  terminology  for  the 
sequence  oF  zones  which  he  had  established  for  the  Sw.ihu" 
Jurassic  system. 

A  much  hroader  standpoint  of  pa!a.'ontijloj;ical  inwsiigntion 
was  assumed  by  tht  far  travelled  Alcide  d'Orl.isny.i  His  yrt-at 
desire  was  to  establish  a  universal  stratigraphy  upon  the  ititonu- 
logical  basis  supplied  by  palajonloiogy.  Not  only  in  all  pans  of 
1-rance,  but  also  in  the  otiicr  countries  of  I^urupe  and  in  Nortli 
and  South  America,  D'Orbi^ny  thought  the  same  sei[uenfcof 
fo.shil  remains  could  be  ideniilJed,  and  he  argued  that  Die  s-c 
limits  of  the  formations  (Terrains)  and  stages  of  deposit  coulii 
be  determined  over  the  whole  surface  of  the  earth  by  ilic 
universal  occurrence  of  ihc  same  leading  paIa.'onioli>i;icji 
features. 

According  to  D'Orbi-iiy,  each   stage  of  deposit  possesses  \\~ 

I  Alci.k'    Uo,^:vliiic   il'Oil-iLjnj-,    ln.rn    on    ilic   6(h    ScpUiiiU-.    1S.1;.  .U 
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independent  fauna,  which  owes  its  origin  to  a  special  act  of 
creation,  and  is  clearly  distinguishable  from  the  preceding  and 
succeeding  faunas.  It  happens  in  rare  cases  that  species  are 
continued  into  a  higher  complex  of  strata  than  that  in  which 
ihey  took  origin,  but  these  cases  occur  only  when  the  higher 
strata  succeed  conformably  upon  the  lower,  in  other  words, 
when  no  marked  crust-disturbance  has  taken  place  between 
the  two  periods  of  deposition.  Thus  D'Orbigny  thought  it 
possible  to  base  stratigraphy  wholly  upon  palaeontological 
features,  more  especially  upon  the  occurrence  of  Mollusca, 
Echinodermata,  and  Coelenterata. 

He  commenced  a  great  palaeontological  work,  which  was 
intended  to  supply  a  description  of  all  the  fossil  forms  in 
France  belonging  to  these  three  divisions  of  the  animal 
kingdom.  The  gigantic  scope  of  the  work  was  too  much 
even  for  such  an  enthusiastic  worker  as  D'Orbigny.  Between 
1840-55  several  volumes  of  D'Orbigny's  Paleontologie  Fran^aise 
appeared,  comprising  descriptions  of  the  Jurassic  and  Cretaceous 
Cephalopods,  part  of  the  Gastropods  from  the  same  two 
systems,  and  the  Cretaceous  Brachiopods  and  Hippurites, 
Irregular  Echinids,  and  Bryozoa.  In  two  other  works,  the 
Elaneniary  Course  of  Palaontolo^y  (1849-52)  and  the  Pro- 
drome of  StratigraphUal  Palceon/o/ogy  (1850-52),  D'Orbigny 
elucidated  his  sub-division  of  stratified  rocks  and  his  views  on 
stratigraphical  geology. 

He  divided  fossiliferous  rocks  into  six  periods  or  Terrains, 
and  sub-divided  the  first  five  periods  into  twenty-seven  groups 
(Stages).  He  selected  the  names  of  characteristic  localities  for 
the  designation  of  the  groups  of  strata,  and  followed  Thurmann's 
example  in  adding  the  affix  "ien"  to  give  uniformity  to  the 
series.  D'Orbigny  was  thoroughly  familiar  with  the  Mesozoic 
faunas  bul  knew  less  about  those  of  other  epochs,  and  he 
made  the  mistake  of  assigning  to  the  Mesozoic  faunas  a  much 
greater  significance  in  his  stratigraphical  succession  than  to 
the  Palaeozoic  or  Cainozoic  faunas.  He  discarded  the  terms 
Palaeozoic,  Mesozoic,  and  Cainozoic,  and  assumed  an  equal 
value  for  the  twenty-seven  successive  groups  which  he 
distinguished.  In  accordance  with  his  sub-division  of  the 
rock-succession,  D'Orbigny  supposed  that  organic  creation 
had  been  completely  renewed  twenty-seven  or  twenty  eight 
times. 

The  chief  merit  of  D'Orbigny's  works  is  their  remarkable 
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precision  and  luciditjF  of  sUlement.  which  opened  ibctr  cm 
tents  to  geologists  d  all  nationalilies,  ami  enabled  tbca  to 
exert  a  great  infltience  upon  literature.  His  PtUimttoiapt 
/■'ranfaist  is  a  work  oE  the  first  rank,  and  after  U'OitMgnj-'t 
death  the  French  Geological  Society  resolved  to  continue  iL 
Colteau,  Dedongchamps,  Piette,  De  Loriol,  and  Fromcnld 
added  special  portions,  but  finally  the  scherue  liad  to  be  given 
up  for  lack  both  of  the  means  and  of  sciuiiific  workers. 

D'Atchiac,  who  succeeded  D'Orbigny  as  Professor  of  Palt- 
ontology  in  Paris,  was  thoroughly  versed  in  the  geology  of  tbe 
French  Jurassic  deposits,  and  in  the  sixth  and  seventh  TOlomcf 
of  his  history  of  the  progress  of  geolc^y  be  gave  an  exbauUira 
criticism  of  all  the  publications  on  these  deposits  whidi  lud 
appeared  before  the  )-ear  1856.  D'Archiac  lakes  the  Engliili 
development  oi  Jurassic  rocks  as  tJie  basis  of  comparison,  and 
tries  to  bring  the  observations  tn  all  other  pans  of  the  world 
into  harmony  with  the  main  subdivisions  established  in  tht 
English  series.  At  the  same  time,  he  agrees  with  Dufreno}', 
Klic  de  Beaumont,  and  D'Orbigny  in  assuming  it  to  be  quite 
inipracticaliie  to  carry  out  any  comparison  of  dctaik-d  zonal 
SL-ijuonccs  in  distant  localities. 

As  Oucnstcdt  had  not  attempted  to  comparu  the  Sivaljian 
development  of  Jurassic  rocks  with  the  succession  in  ot(ii.t 
countries,  some  uf  his  students  made  a  special  study  of  ihc 
comparative  strnugrai)liy  and  pala-'oiitology.  O.  Fraas  travellnl 
through  France  and  England,  and  afterwards  contributed  ^ 
memoir  to  xh>i  .Xeius  Ja/irhuh  in  1850.  He  tsiablislieU  the 
jiarallelism  of  many  of  the  zones  by  means  of  fossil  iilenlilka- 
tions,  and  at  the  same  lime  gave  a  careful  account  of  liie 
diJTerences  of  the  local  facies,  and  su]>i)orted  tiressly  aiiil 
Quen^ledt  in  their  view  that  the  local  English  names  shueM 
not  be  applied  to  other  areas.  While  l-Vais  smceeded  in 
demonstrating  that  the  Lias  and  "brown  Jura"  of WnrlemlKr- 
were  represented  by  synchronous  formations  in  France, 
England,  and  Switi^erland,  he  CNptrienced  great  dil'tlculiv  m 
finding  an  exact  eiiiiiv.ileiit  for  the  "'white  lur.i-  of  Wuileni- 
I>erg, 

What    Fra.is    had   only   indicated    in   broad   features,    .\lh. -1 
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In  the  course  of  a  local  study  on  the  Middle  Lias  in  Swabin, 
he  proved  himself  to  be  an  excellent  observer  and  able  paL'e- 
ontologist.  He  then  visited  the  famous  "Jurassic"  localities 
in  France  and  England,  and  endeavoured  to  compare  not  only 
the  main  sub-divisions,  but  also  the  smallest  groups  of  strata  in 
the  different  areas  by  means  of  the  fossil  species  occurring  in 
them.  Setting  aside  all  lithological  features,  Oppel  deduced 
from  his  observations  a  series  of  palaeontological  horizons 
which  he  termed  Zones^  each  of  which  represented  the  definite 
age-limit  of  some  leading  fossil  type  or  types.  '^  A  Zone,^^  he 
says,  "  is  characterised  as  a  definite  palceontologica I  horizon  by  the 
constant  occurrence  in  it  of  certain  species  which  do  not  occur  in 
the  preceding  or  succeeding  neighbour  zones  J* 

Oppel  accepted  Buch's  division  of  the  Jurassic  system  in 
three  main  groups  as  the  foundation  of  his  own  detailed  sub- 
division. He  retained  the  English  term  Lias  for  the  lowest 
division,  proposed  the  name  Dogger  for  the  middle  division, 
and  Malm  for  the  upper  division.  These  names  had  already 
been  used  in  England  for  rocks  of  different  age ;  and  D'Omalius 
Halloy  had  applied  Malm  to  a  division  of  the  Cretaceous 
formation.  The  three  main  groups  were  sub-divided  by  Oppel 
in  eight  zones,  which  agree  in  the  essential  features  with  those 
suggested  by  D'Orbigny,  and  for  which  he  retained  D'Orbigny*s 
nomenclature.  He,  however,  modified  D'Orbigny's  zones  in 
so  far  as  to  omit  the  "  Corallien  "  and  "  Portlandien,"  on  the 
ground  that  they  were  local  facies  of  the  **  Oxfordien  "  and 
*  Kimmeridgien."  OppeVs  sub-division  of  the  whole  Jurassic 
system  embraces  thirty-three  zones,  each  of  which  is  charac- 
terised by  a  particular  fossil  type. 

Oppel's  admirable  work,  published  in  1856  58,  was  received 
^ery  favourably  throughout  Germany,  France,  and  England, 
the  cordiality  of  the  reception  being  not  a  little  increased 
owing  to  the  general  regard  in  which  the  author  was  held. 
In  France,  D'Archiac  took  objection  to  certain  points, 
but  Jules  Marcou,  always  ready  for  a  scientific  debate,  lent 
ardent  support  to  Oppel,  and  the  controversy  soon  collapsed. 
Marcou  had  previously  published  a  local  monograph  on  the 
Jura  near  Salins  (1848).     In  it  he  had  accepted  the  divisions 

compare  the  Jurassic  deposits  with  one  another;  in  1858  was  attached  to 
the  staff  of  the  Palxontological  Museum  in  Munich,  in  i860  was  appointed 
Professor  of  Palaeontology,  and  in  1861  Director  of  the  Pal;eontological 
Collection  in  Munich ;  died  in  1865  from  typhoid  fever. 
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of  Thiiria  and  Thurmann  for  the  most  part,  but  had  it« 

inlroduced  several  new  naires.  Marcou  had  distingunticd 
tWL-nly-six  sub-groups  which  very  nearly  correspond  •iih 
Oppel's  zones,  but  he  had  named  his  subgroups  not  acconii:^ 
lo  leading  fossils,  but  from  the  names  of  the  localilid  nhwe 
they  were  well  developed.  It  was  not  altogether  stirpritin| 
ihen  that  Marcou  should  raise  some  doubts  regarding  Ihc 
nomenclature  proposed  by  Oppel.  The  letters  which  he  wrow 
upon  this  subject  are  of  interest  for  their  clear  represcnUlion 
of  the  state  of  Jurassic  research  at  the  time,  and  for  many  new 
ideas  about  the  distribution  of  the  JurasMc  fossils.  Maictm 
referred  to  the  valuable  researches  by  Edward  Forhei 
elucidating  the  differences  of  marine  faunas  in  the  prfwnt 
time,  the  confinement  of  certain  faunas  within  definite 
geographical  limits,  and  the  occunence  of  particular  types  it 
definite  ocean-depths.  Applying  Forbes's  principles  of  bio- 
logical provinces  and  bathymetrical  horizons  to  the  clucidaiion 
of  the  Jurassic  faunas,  Marcou  drew  maps  showing  the  probable 
distribution  of  land  and  water  in  the  successive  Jurassic  era=. 
and  tryin;^  lo  dciermine  the  chief  biological  provincos  in  ike 
Jurassic  Ocean.  He  distinguished  fit;lil  lurassic  provinct^ 
and  correlated  ihcir  gcosraphical  position  ivilh  ihrei:  "honin- 
zoir."  climatic  i^unes  which  had  exerted  an  influence  on  thf 
distribution  of  Ihc  organisms, 

'i"he  work  of  Opjicl  has  undoubtedly  exerted  a  mntkoi 
influence  upon  subsequent  stratitjrapliical  research.  .Mthou^h 
many  geologists  cnuld  not  feel  convinced  of  ihc  univcr-.il 
application  iif  a  se']uence  of  pal;contological  /nnes,  Ilie  e\3ci 
method  pursued  by  Oppd  gave  an  excellent  precedent,  an^l 
Ihe  study  of  the  local  developments  of  Jurassic  dtjio.^iti  ".ii 
renewed  "iih  fresh  vigour.  A  student  of  Ojipel's,  W.  Wmz-  n. 
en(ie:ivOL.red  to  identify  the  same  /ones  in  I'Vanconia  an.! 
Swii/iTland ;  the  name  "  Jurassic  System "  was  generally 
a(l(ii)ied  after  the  publication  of  Oppel's  work,  and  numerou-! 
memuirs  a]ipeared  wfierein  llie  older  groups  were  subjected  to 
more  detailed  examination.  Jliickman  ihouijht  it  pusiilile  !■> 
sub-divide  the  ICnglish  series  into  even  more  limited  bori/oni 
tlian  were  represented  by  C)pi)el's  ^ones,  and  subdivided  llie 
latter  into  "  llemera;,"  each  of  wliirh  was  characterised  by  a 
typical  Ammonite  s[K>eies. 

The  Jurassic  deposits  of  the  Alps,  the  Pyrenees,  the  Apen- 
nines, the  Carpnthians,   the    IJalkan    mountains,  the    Ilx.-rian 
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Peninsula,  and  Russia,  were  comparatively  late  in  being 
examined  and  surveyed,  and  it  seemed  scarcely  possible  to 
determine  the  parallelism  of  the  facies  in  these  areas  with  the 
Jurassic  deposits  of  North-Western  and  Central  Europe.  In 
the  Swiss  Alps,  geologists  have  identified  the  age  of  the  larger 
Jurassic  groups,  but  have  not  attempted  a  detailed  comparison 
with  the  extra-Alpine  zones.  In  the  Bavarian,  Austrian,  and 
Italian  Alps,  as  well  as  in  the  Apennines  and  the  Carpathians, 
the  Alpine  facies  is  also  fundamentally  different  from  the  extra- 
Alpine,  but  it  has  been  possible  to  identify  locally  some  of 
OppeFs  zones.  Alpine  geologists  invariably  try  to  recognise  in 
the  Alpine  Trias  the  equivalents  of  Oppel's  chief  groups,  Lias^ 
Dogger^  and  Malm, 

No  serious  attempt  has  ever  been  made  to  apply  OppeFs 
zonal  nomenclature  in  Alpine  geology.  It  has  been  customary, 
especially  in  Austria,  to  designate  the  various  sub-divisions 
with  the  names  of  localities  (Adneth  limestone,  Gresten,  Hier- 
latz,  Allgau,  Vils,  Stramberg  strata,  etc.). 

After  the  controversy  regarding  the  proper  systematic 
position  of  the  Avicula  contorta  zone  or  Rhaetic  group  had 
been  brought  to  a  fairly  satisfactory  conclusion  (p.  479),  con- 
siderable discussion  began  to  be  raised  about  the  proper  limit 
between  the  Jurassic  and  the  Cretaceous  formations.  In 
France,  South  Germany,  and  in  the  Swiss  Jura  there  was  no 
difficulty,  as  the  uppermost  numbers  of  the  Jurassic  system 
(Portland  and  Purbeck  strata)  are  well  defined  both  petro- 
graphically  and  palaeontologically,  and  the  limit  between  these 
horizons  and  the  Cretaceous  formations  can  be  readily  deter- 
mined. On  the  other  hand,  in  the  south  of  England,  North 
Germany,  and  Belgium,  a  fresh-water  formation  (Weald  clay 
and  Hastings  sand)  is  interposed  between  the  uppermost 
Jurassic  and  the  Cretaceous  horizons,  and  creates  a  difficulty 
in  determining  the  precise  limit  of  the  two  formations.  Man- 
tell  united  the  fresh-water  formation  with  the  Cretaceous 
Greensand ;  Webster  and  Fitton  combined  them  with  the  Pur- 
beck strata,  and  regarded  the  group  as  independent.  Sir  Richard 
Owen  and  Robertson  drew  attention  to  the  similarity  of 
the  Purbeck  and  Wealden  faunas  with  that  of  the  Stonesfield 
slate,  and  placed  the  Wealden  in  the  Upper  Jurassic  division, 
filie  de  Beaumont  supported  the  other  view,  that  the  Wealden 
formation  was  an  equivalent  of  the  **  N^ocomien,"  and 
Forbes,  Lyell,  Topley,   the  Geological  Survey,  and  most  of 
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the  English  geologists  assigned  the  WeaWen  fomixlion.  «• 
elusive  of  lUe  Purbeck  strata,  to  the  I.owvr  CrcUcxooi 
horizon. 

The  definilion  of  a  limit  ha^  praved  even  more  diAcuIt  in 
the  regions  with  Alpine  facies,  where  there  is  no  littoral  *«iM 
of  |)3ssage-beds  rrooi  Jurassic  to  Cretaceous  horuons.  Manns 
strata  of  Upper  Jurassic  age  are  frequently  covered  conform- 
ably by  similar  deposits  of  I-ower  Cretaceous  age,  and  inir 
line  of  separation  seems  at  first  sight  necessarily  of  an  irtji- 
irary  character.  Oppel,  in  a  contribution  to  the  ZeitSihrift  in 
1865,  opened  the  question  of  the  Jurassic-Cretaceous  limit  in 
ihe  Alps.  He  comprised  under  ihc  name  of  "Tilhoniin 
Horizon"  a  number  of  Alpine  and  Carpathian  deposit*  (the 
Diphya  limeitenes  of  South  Tyrol,  ihe  Northern  Alp*  and 
Dauphin6,  the  Apiychut  ihaUs,  the  ttpf€r  mountain  iimettem 
of  the  Noilhfm  Alps,  and  the  Slram/vr^  strata),  t<^ether  «iih 
the  lithographic  shales  of  Bavaria  and  Nusplingen,  the  I'ui- 
beck  and  Portland  strata  of  England  and  the  North  of  Krancv, 
and  on  the  basis  of  their  peculiar  Cephalopod  fauna  classified 
tlie  Tiilionian  scries  as  an  indfpcndent  group  of  strata  bctwi/tii 
ihi:  Kinimcridyf:  and  the  Neocomian  bori/ons.  Ri-gardiiii;  thj 
jircciiie  fiyBtematic  position,  Oppel  seemed  to  incline  rathi-r  l^i 
tlic  inclusion  i>f  the  'liihonian  group  in  the  Jurassic  sysri-ni, 
.An  enumeration  of  one  hundred  and  seventeen  Ci-pbakip  nl 
species,  most  of  them  from  Sitamliern,  Rogoznik,  .Sm\li 
Tyoi.  and  the  hilio-raphic  shales  of  rraiK-onia,  affords  ihc 
evidence  upon  which  Oppei  erected  the  Tithonian  hort/oii. 

Long  l)efore  Oppel's  paper,  Beyrich  had  in  1844  dnwri 
alteniion  to  ilie  relations  of  llie  "  Klippen  limestone  '  .ind 
"StramlK-rg  limestone"';  and  Slur,  Ilauer,  Hobunegger,  nwd 
Suess  (185S)  liad  iileniificd  both  these  limestone  form.i- 
tions  as  UpiKT  Jurassic,  whereas  Zouschner  (1844-48)  h.nl 
assigned  the  "  Klippen  "  limestones  of  the  Carpathi.ms  at  first 
10  Upper  Jurassic,  then  10  Neocomian,  and  had  stated  that  ihc 
fauna  was  a  mixed  Jurassic  and  (Cretaceous  fauna. 

Heneckc  showed,  in  his  able  work  on  the  'I'riassic  and 
Jurassic  deposits  of  the  Southern  Alps  (1S66),  that  two  faunas 
are  contained  in  the  red  Jurassic  .Ammonite  limestone,  tlie 
younger  nf  wliich  contains  Tfiehulula  diphya  as  the  leading; 
fossil,  and  a  number  of  peculiar  Ammoniles.  The  okkr  k 
characliTised  by  Ammcnilfs  luanllKdn  and  oiher  L|)pi.r 
Jurassic  Ammonites,     licnecke  paralleled  both  horizons  wiih 
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the  Kimmeridge  group.  Similar  results  were  afterwards  ob- 
tained by  Stache,  Mojsisovics,  and  Neumayr  in  an  examination 
of  the  "  Klippcn "  limestones  in  the  Carpathians.  These 
geologists  placed  the  Ammonite  acanthicus  strata  with  the 
Upper  Jurassic,  the  Diphya  limestones  with  Oppel's  Tithonian 
horizon. 

The  premature  death  of  Oppel  prevented  the  completion  of 
the  series  of  investigations  by  means  of  which  he  had  intended 
to  establish  the  Tithonian  horizon  on  a  secure  palaeontological 
basis.  The  material  was  afterwards  examined  and  described 
in  a  series  of  special  monographs  by  Zittel,  Bohm,  Cotteau, 
Miss  Ogilvie,  and  Zeise.  Zittel  limited  the  term  "  Tithonian  '* 
to  formations  of  Alpine  facies,  excluding  therefore  the  litho- 
graphic shale  and  Portland  limestone,  and  he  regarded  the 
Tithonian  complex  of  strata  as  the  equivalent  of  the  Purbeck 
and  Wealden  strata. 

Whereas  Oppel,  Zittel,  and  Benecke  expressed  themselves 
more  in  favour  of  the  Jurassic  age  of  the  Tithonian  hori- 
zon, Hebert  attributed  great  weight  to  its  affinities  with  the 
lowest  Cretaceous  deposits  in  the  south  of  France  (Berrias 
strata),  and  even  went  so  far  as  to.  place  the  Stramberg  strata 
in  the  Lower  Cretaceous.  Many  eminent  geologists  have 
taken  part  in  the  discussion  within  recent  years,  and  the 
opinion  now  most  generally  held  is  that  the  lower  portion  of 
the  Tithonian  group  is  the  equivalent  of  the  Upper  Kimmer- 
idge horizon,  while  the  higher  portion  of  the  Tithonian  group 
is  parallel  with  the  Purbeck  and  Portland  strata. 

New  discoveries  by  the  Russian  geologists  have  lately  en- 
riched the  knowledge  of  Upper  Jurassic  faunas.  In  Central 
Russia,  marine  deposits  of  Lower  Cretaceous  age  succeed  dark 
argillaceous  strata  which  represent  the  whole  Upper  Jurassic 
series  from  the  Kellaways  zone  upward.  The  fossils  of  the 
Moscow  and  South  Russian  Jurassic  deposits  are  now  being 
carefully  examined  by  Trautschold,  Pavlow,  Sinzow,  Lahusen, 
and  Nikitin,  and  the  so-called  Volga  group  has  been  identified 
as  an  equivalent  of  the  Tithonian  Alpine  formations.  Oppel's 
students,  Neumayr  and  Waagen,  tried  to  develop  the  zonal 
aspect  of  geology  more  and  more,  and  to  apply  it  in  foreign 
parts  of  the  world.  Waagen's  attempt  to  demonstrate  almost 
all  the  Upper  Jurassic  zones  of  Oppel  in  the  Jurassic  strata  of 
Cutch  has  been  contested  by  Kitchin  and  Notling. 

Neumayr    advanced    the    palneontological    knowledge    of 

1>^ 


514    HISTORY  OF   GEOLOGV  AND   PAL.-EONTOUXJV. 

the  Jurassic  Ceplmlopods  in  several  excellent  mcoopmka- 
ilc  also  foUoncd  Marcou's  metliod  of  discovering  (he  bioKfl- 
cal  provinces  of  the  Jurassic  epoch.  In  Hutu)>c  three  pro- 
vinces were  distinguished  by  Neumnyi — a  MedtUmnttn 
(Alpine),  a  Central  European,  and  a  Russian  or  bored  pro- 
vince. These  were  supposed  hy  Neumayr  to  correspond  tn 
three  climatic  zones  which  entirely  girded  the  earlh's  surface, 
and  were  probably  repeated  in  the  southern  hemispberc.  In 
evidence  of  this  theory  Neumayr  cited  the  faci  that  the 
Jurassic  fossils  Trom  South  America,  New  Zesdaod,  South 
Australia,  and  South  Africa  strongly  resemble  those  of 
the  corresponding  deposits  in  Swabia,  France,  and  Rnghix^ 
but  dilTer  completely  from  the  Alpine  type.  Neumayr 
(1885)  likewise  gave  sketch-maps  of  the  Jurassic  scan  and 
continents,  and  pointed  out  the  far  wider  distribution  (rf 
tlie  Upper  Jurassic  deposits  than  of  the  I.iassic.  From  ihi* 
he  concluded  that  there  had  been  an  extensive  Liassic  conti- 
nent which  gradually  became  submerged  by  the  advance  of 
the  Jurassic  ocean. 

According  lo  the  more  recent  investigations  of  ronipc'-i 
(1897),  however,  the  assumed  non-occurrence  of  the  l.iai  i;i 
tiie  south-cast  of  ICuropc,  in  Asia  Minor,  and  Persia  is  r.iihir 
due  to  llie  scanty  information  regarding  tlic  geological  co:i- 
KLiiiiii'in  of  those  lands  llian  lo  an  actual  absence  of  iht 
l.ias'-ic  deposits  in  those  lands;  in  his  opinion,  the  signifi- 
cance of  the  Jurassic  transgression  has  been  over-estimate  J. 

H.  Cir/irreojis  SysUm. — 'Mie  deposits  which  are  now  com 
prisfd  under  the  name  of  tlie  Crelaceous  system  were  first 
studied  in  the  Anglo-l'arisinn  basin.  ISul  the  e\aniinntioii  of 
the  rocks  in  lliis  area  provided  no  gencr.il  systematic  type, 
ae.-iirding  lo  which  tlie  contemporaneous  developnicnls  m 
other  nreas  could  readily  be  arranged.  'J'hc  remarkable  dirTL-r- 
cnres  in  the  loiai  lithological  and  pala;onlolof;ical  facies  made 
it  cvtremely  diflicult  to  recognise  the  contemporaneity  of  Crc- 
laieous  sediments,  even  in  areas  at  no  ereat  distance  from  one 
anoiher.  1  lenre  the  geological  knowledge  of  this  sisic-m 
advanced  slowly  aiul  in  a  fragmenfary  way.  The  sequem  e  >'i 
rocks  and  organi<-  types  li.id  lo  be  iiidepeiKledtly  ehicul.ii,  ,1  va 
(Mill  loralily.  And  il  has  been  found  impossible  to  deletinirie 
any  coiisianl  sticcession  of  faiiiial  /ones  applicable  over  l.irg.r 
tracis  of  loiinlry,  .-iiieh   as  geolo-isls  have  established   for   tlie 
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Jurassic  rocks  in  Central  and  North-Western  Europe,  and  in 
Great  Britain. 

In  Germany,  Charpentier  in  1778  distinguished  Planer 
limestone  and  Qiiader  sandstone  in  his  geological  map  of 
Saxony.  Werner  and  his  pupils  placed  these  formations 
amongst  the  younger  "  Flotz "  series.  William  Smith  had 
recognised  in  England  four  strata  between  the  London  clay 
and  the  Portland  stone : 

4.  White  Chalk. 

3.  Lower  or  Grey  Chalk. 

2.  Greensand. 

I.  Micaceous  Clay  (Brick  earth). 

In  Cambridgeshire,  dark  plastic  clays  occur  below  the  Green- 
sand,  and  Michell  had  in  1 788  designated  these  as  Gault  or 
Gait ;  W.  Smith  called  them  Blue  MarL  Conybeare  and 
Phillips  sub-divided  the  series  into  two  groups : 

2.  The  Chalk. 

[(d)  Chalk  Marl. 

(r.)   Greensand. 

(b.)  Weald  Clay. 
\a!)  Ferruginous  Sand. 

The  White  Chalk  was  early  described,  and  the  similarity  of 
its  lithological  and  palseontological  features  established  in  the 
south-east  of  England,  the  north  of  France,  Belgium,  Denmark, 
Sweden,  North  Germany,  and  Poland.  D'Omalius  d'Halloy 
traced  the  formations  of  the  Paris  basin  into  Belgium,  dis- 
tinguished four  groups  of  deposit  in  ascending  order,  (a)  grey 
clay,  (b)  sand  and  sandstone  (Tourtia),  (c)  chalk  marl,  {d)  chalk 
and  flint,  and  comprised  these  in  one  formation,  which  he 
named  **  Terrain  cretac^."  In  the  same  year,  1822,  Brongniart 
and  Cuvier  published  a  detailed  description  of  the  deposits  of 
the  Paris  basin  in  the  second  edition  of  their  work,  Rtcherches 
sur  les  ossemeuis  fossi/es.  After  a  careful  comparison  of  the 
French  Cretaceous  formations  with  the  English,  Belgian,  and 
Scandinavian,  Brongniart  added  a  description  of  the  chloritic 
Cretaceous  deposits  of  the  Savoy  and  of  the  Perte  du  Rhone, 
near  Bellegarde,  together  with  an  enumeration  of  the  fossils 
occurring  in  them. 

Another  work  of  that  year  which  Considerably  advanced  the 
knowledge  of  Cretaceous  rocks  was  that  of  Gideon  Mantell  on 
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The  Quader  Sandstone  and  Greensand  in  North  Germany 
were  united  with  the  White  Chalk  by  Hoffmann  in  1830, 
and  recognised  as  the  equivalents  of  the  Cretaceous  system. 
He  compared  the  Quader  Sandstone  with  the  upper  and  lower 
greensand  deposits;  the  marly y  calcareous^  or  siliceous  rocks 
between  Quader  Sandstone  and  Chalk  in  North  Germany  with 
the  Chalk  Marl  of  the  North- Western  basin ;  the  grey,  earthy 
marls  and  white  chalk  with  the  Lower  and  Upper  Chalk  of 
England. 

The  discovery  of  older  Cretaceous  deposits  in  the  Swiss  Jura 
mountains  was  an  important  step  in  advance.  As  far  back  as 
1 803,  Leopold  von  Buch  had  drawn  up  a  very  detailed  catalogue 
of  the  rocks  in  the  neighbourhood  of  Neuchatel,  but  his  manu- 
script was  not  published  until  sixty-four  years  later,  after  the 
death  of  the  author.  A  copy  of  the  manuscript  had  been, 
however,  presented  by  Ami  Bou^  to  the  library  of  the  French 
Geological  Society,  and  geologists  had  tried  in  vain  to  find 
equivalents  for  the  series  of  strata  described  in  it. 

In  1836  Auguste  de  Montmollin  demonstrated  that  the 
youngest  Jurassic  rocks  were  succeeded  by  a  diversified  com- 
plex of  strata  comprising  yellowish  limestone  and  blue  marls, 
whose  fossils  resembled  those  of  the  English  greensand ; 
Montmollin  called  the  complex  "  Terrain  cr^tac^  du  Jura," 
and  Thirria,  who  almost  simultaneously  found  similar  strata  in 
the  neighbourhood  of  Besangon,  applied  the  name  of  "  Terrain 
Jura-Cr^tac^." 

But  before  the  actual  publication  of  Montmollin's  treatise, 
Thurmann  had  made  the  proposal  at  a  Congress  of  the  French 
Geological  Society  in  Besangon  (1835)  to  introduce  the  designa- 
tion of  Neocomien  for  the  newly-discovered  complex  of  strata, 
and  this  name  was  immediately  adopted  by  Dufrenoy  and  Elie 
de  Beaumont,  and  received  the  authority  of  their  geological 
map  and  text.  These  two  authors  sub-divided  the  Cretaceous 
formation  into  a  Loiver  Groups  comprising  (a)  Wealden, 
NeoGomian,  and  ferruginous  sand ;  (l>)  Greensand ;  (c)  Chalk 
Marl ;  and  an  Upper  Group  represented  by  the  White  Chalk. 
The  chief  divisions  of  the  Cretaceous  deposits  having  been 
thus  definitely  fixed  in  France,  the  following  years  between 
1835  and  i860  were  signalised  by  the  publication  of  an  extra- 
ordinary number  of  s[)ecial  papers  devoted  to  the  geology  and 
palaeontology  of  the  Cretaceous  system  in  French  localities. 

Two  valuable  memoirs  were  published  in  1841  and  1842  on 
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the  lower  Cretaceous  EormatioQs  of  the  soutb-ea&tem  pan  rf 
the  Palis  basin.  Coniael  described  deposits  in  ibe  Hadt  ' 
SiLune  which  be  identified  partly  as  Gaulc  (Marrtes  ji  Ho 
tules),  partly  as  lower  Greensand,  partly  as  Ncocomian.  tlx 
localities  Basay  and  St.  Diziet  have  been  regarded  since  ihtl 
time  as  types  of  the  lower  Oeuceous  devel^ment  in  t&e 
□orth-ea^  of  Fiance. 

Leymerie's  memoir  oo  the  Cretaceous  deposits  oT  the  ^Vubc 
Department  was  pulidislied  by  tbe  French  Geological  SodeEj 
in  1841.  It  stilt  ranks  as  a  classic  in  the  geological  literalure 
of  the  Parts  basin.  L^merie  disiinguisbed  three  sub-dtvoMM 
in  the  Cretaceous  system :  Neocomian,  Greensand  and  Brick- 
clays,  ^Vfaite  Cbaik.  Each  horimn  was  accurately  describtd, 
and  the  distriboiion  of  the  fossils  was  indicated  with  scmpuloiK 
care  and  detail.  Accotdir^  to  Leymeri^  tbe  horiroo  of  the 
If'iitt  Chalk  contains  the  same  organic  remains  as  the  Upper 
and  Lower  Chalk  and  the  Chalk  Marl  of  England.  'ITie 
£n\-i-c.'a\i  (Ar^ile  t^guline)  and  GreeHSamJ  group  comprises 
two  sub-groups,  the  younger  of  which  corresponds  to  the 
Ct.mlc.  the  older  contains  fossils  which  are  known  lo  occur  in 
the  L't'per  and  Lo«i;t  Greensand  as  well  as  in  the  G-iull  'A 
the  Eiulish  area:  this  is  the  sroup  which  U'Oibigny  afterward? 
calkd  .>.-.v;. 

The  Ntocomian  reposes  upon  the  I'pper  Jurassic  rocks,  a^-d 
coiiiiits  oi  three  sub-eroups:    Maris    with    v.irienated    sariJv 
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fossiliferous  Gault  and  unfossiliferous  Lower  Greensand. 
D'Archiac's  admirable  work,  Description  geologique  du  Departe- 
ment  de  PAisne,  provided  supplementary  information  about  the 
Cretaceous  deposits  in  this  part  of  France.  The  Upper  or 
White  Chalk  and  the  Greensand  formations  were  shown  to 
be  well  developed,  the  lower  horizons  of  the  Cretaceous  to  be 
absent. 

No  less  important  was  another  work  by  the  same  author 
on  the  middle  group  of  the  Cretaceous  system  (1839). 
D*Archiac  gave  in  this  work  a  lucid  exposition  not  only  of 
the  Middle  division  but  also  of  the  whole  Cretaceous  series  in 
the  marginal  areas  of  the  Paris  basin,  in  Belgium,  and  the 
neighbourhood  of  Aix.  He  compared  the  sequence  of  deposits 
with  the  succession  in  England,  Switzerland,  and  Germany, 
and  finally  sub-divided  the  system  as  follows : — 

'  Upper    horizons    of    Chalk    (Maestricht, 
Sweden). 
White  Chalk. 
Chalk  Marl. 

[  Upper  Greensand. 
Middle  Group,  -j  Blue  Marl  (Gault). 

\  Lower  Greensand. 

[  Neocomian  (Marine  facies). 

Lower  Group.    ]  ^^^^^^^^  (Fresh-water   J  i^^^l^  ^^'^y*    , 

I         f^Hes^  1  Hastmgssand. 

•^^^'^^^-  [  Purbeck  strata. 

While  the  greatest  enthusiasm  prevailed  among  French  geo- 
logists to  elucidate  the  Cretaceous  system,  Germany  had  fallen 
rather  behind  in  this  work.  Friedrich  Roemer  and  Hans 
Geinitz  were  the  leading  contributors  to  the  knowledge  of  the 
German  Cretaceous  deposits.  In  1836,  Roemer  had  described 
a  marine  deposit  in  the  Hils  basin  under  the  name  of  **Hils 
Clay,"  but  had  relegated  the  Hils  clay,  along  with  the  Wealden 
formation,  to  the  Upper  Jurassic  horizon.  In  1839,  how- 
ever, he  demonstrated  that  the  Hils  clay  was  younger  than  the 
Wealden  formation,  and  possibly  represented  the  Speeton  clay 
of  England.  The  careful  investigation  of  the  fossils  in  the 
Hils  clay  showed,  according  to  Roemer,  distinct  affinities  both 
to  Upper  Jurassic  and  Cretaceous  faunas.  Two  years  later 
Roemer   published   his   important  monograph   of  the  Fossils 
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of  the  North  German  Crelaaous  Rocks,  nccompanied  bj  a 
sliort  geological  description  of  \\tv  succession.  In  thi»  wuik 
Koemet  referred  Ihe  Hils  conglomerates  of  Ustcrwald,  Iktk- 
lingen,  and  olher  localities,  togetlier  with  llie  Hils  clay  of  Hit 
Ddster  and  the  Hils  basin,  to  the  lowest  Cretaceous  horiioa 
'Iheir  fossil  contents  led  him  to  regard  these  German  dc|)a»ts 
PS  the  equivalents  of  the  N€ocoiman  strata  in  the  Paris  basin, 
at  NeuchSlel,  and  in  the  south  of  Russia.  The  higher  deposits 
wi:re  thus  sub-divided  by  Roemer  : — 

(The  White  Chalk,  Maestficht  limestone,  and 
Uppt  Chalk  Marls:  also  the  Qiaitr 
Sandstone  of  Qucdlinburg  and  BUnkcn- 
burg,  the  Ghucomlt  Marh  of  Kivslingv 
wald,  and   the  MnrU  at  Luisbcrg,  ncu 


7.  Lower  Chalk  toUhoul  fiinls  at  Liineburg, 
Lindener  Beig,  etc. 

r,.  I.ou:r  Ch,i!k  M.irh  al  Aliltcn,  LfrnforJ.-, 
tic,  the  Siindslunes  with  fish  rtmaiii,,  t].>: 
iiiarK  of  llsebur-,  and  ihi:  sjiuimu  jtra'.a 
near  Goslar. 

5.   ri.unr  Limeilom   of   Kssvii,    Q,i-dli.ihut^, 
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strated  that  calcareous  and  marly  strata  (Planerkalke)  are 
present  between  the  Upper  and  Lower  Quader  Sandstone,  and 
contain  in  some  localities  a  rich  marine  fauna,  Cotta  thought 
these  marine  limestones  were  the  time-equivalents  of  the 
Gault  clays.  Geinitz  published,  between  the  years  183942, 
an  excellent  Monograph  on  the  Strata  and  the  Fossils  of  the 
Cretaceous  Rocks  in  Saxony  and  Bohemia,  His  results  con- 
firmed Cotta's  surmise,  and  upon  palaeontological  evidence 
established  the  equivalents  of  the  German  and  British  de- 
velopments: — 

4.  Upper  Quader  Sandstone    .         .      =  White  Chalk. 

3.  Upper  Planer  Marls    .         .         .      =  ^^^^  ^h^J''- 

2.  Middle  and   Lower  Planer   Lime-_  f  Upper  Greensand 

stone  and  Marls    .         .         .      ""  \     Gault. 
1.  Lower  Quader  Sandstone   .         .      =  Lower  Greensand. 

August  Emmanuel  Reuss,  the  famous  Austrian  authority  on 
the  Cretaceous  system,  published  in  1843  and  1844  the  first 
results  of  his  detailed  researches  on  the  Cretaceous  deposits 
of  Bohemia.  Two  years  later,  his  monograph  on  the  Bohemian 
Cretaceous  formations  appeared,  and  this  work  has  been 
regarded  as  the  fundamental  stratigraphical  work  on  the 
Bohemian  facies.  The  four  chief  divisions  distinguished 
by  Reuss  are:  i,  The  Lower  Quader  Sandstone,  present  in 
Bohemia  in  its  full  development ;  2,  the  Planer  marls,  richly 
fossiliferous ;  3,  the  Planer  limestones,  together  with  the  con- 
glomerates reposing  upon  them ;  4,  the  Upper  Quader  Sand- 
stone, poorly  fossiliferous,  but  attaining  very  great  thicknesses 
in  Bohemia. 

The  insecurity  of  the  systematic  position  of  the  Lower  and 
Upper  Greensand  in  England  induced  Fitton  to  undertake  a 
renewed  examination  of  those  deposits  in  the  Isle  of  Wight. 
The  result,  published  in  1847,  showed  conclusively  that  the 
Lower  Greensand  was  an  equivalent  of  the  Neocomian. 

A  very  great  influence  was  exerted  upon  the  systematic 
arrangement  of  the  Cretaceous  system  by  the  publication  of 
D'Orbigny*s  Palhntologie  Fran^aise.  In  the  second  volume 
of  this  gigantic  w^ork,  D'Orbigny  introduced  a  new  classifica- 
tion of  the  Cretaceous  formations,  which  was  based  upon 
intimate  knowledge  of  the  French  development.  He  divided 
the  system  into  five  stages,  named  in  accordance  with  typical 
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localities,  in  ascending  order,  Neoconiico,  Aplicn,  AltiicQ 
(Gault),  Turonieii.  Senonien.  In  D'Orbigiiy's  EJenunlarj 
Course  and  his  Prodrome,  he  inserted  two  addilioiul  sUga: 

Urgonien,  between  Neocomien  and  Aptien  ;  and  Ccdi> 
nianien,  as  the  equivalent  of  the  Upper  Grei^nsand  betveca 
Albien  and  Turonien. 

The  horizons  defined  by  D'Orbigny  were  soon  gencrallj 
accepted  in  France,  in  spite  of  some  resistance  shovn  lijr 
D'Archiac.  They  were  also  gradually  adopted  in  olliei 
European  countries,  with  [de  exception  of  Great  Britain, 
where  geologists  still  continued  to  use  the  classificatoi}  boti- 
zons  and  terminology  introduced  by  W.  Smith,  Conybcari- and 
Phillips,  and  Filton. 

In  the  year  1876,  Barrols  made  a  very  successful  effort 
to  identify  in  the  Upper  Cretaceous  deposits  or  England  and 
Ireland  the  same  zonal  sequence  as  had  been  established  by 
Hubert  for  those  deposits  in  the  Paris  basin.  The  syslemaiic 
arrangement  drawn  up  by  Barrois  found  Tec<%nition  in 
Ivngland,  and  the  comparison  was  carried  out  by  Horace 
Woudward  in  his  6V,j/,i^'  ,/  England  and  il'.i/a  (1887)  for 
the  complete  sorit-s  of  Cretaceous  deposits.  It  sueni^,  ihiic- 
fore,  at  the  present  day,  as  if  the  slratigraphical  succession  of 
the  youngest  Mesozoic  system  had  been  fairly  wl-II  workud  ou! 
in  England  and  the  Paris  basin. 

In  Germany  also,  the  comparalivc  aspect  of  the  groups  .itiii 
crones  in  the  different  areas  has  become  much  builer  kiiottri. 
In  1849,  (Icinit/,  published  a  general  survey  of  the  Cictaccuus 
formation  in  Germany,  iracing  the  four  main  suli-divisions 
uhith  he  liad  previously  recognised  in  Saxony  and  Hoheniia  in 
their  further  extension  towards  the  Italtic,  the  Khine,  Poland, 
and  Hungary.  In  the  course  of  his  researches,  he  correcied 
several  blunders  that  had  been  made  by  previous  authors:  for 
example,  he  identified  ihe  true  age  of  the  greensand  at  Kssen, 
and  the  Planer  marls  at  Priesen  in  Bohemia;  and  Geinitz  also 
compared  all  the  horizons  of  (he  German  Cretaceous  deiiosns 
with  the  "Stages"  established  by  ICOrbigny  for  the  l-rc-ndi 
dcvcliipmenl. 

]!eyrieh's  study  of  the  Cretaceous  sj'steni  in  Silesia  and  the 
northern  skirt  of  the  Har/,  mountains  elucidated  the  Str.iti- 
graphical  ami  tecloiiieal  n.'lalions  of  that  rvgion  in  a  maslirly 
w.iy.  P.yricli's  memoir  was  [iiibli'.lRd  in  llie  ZdlsclmJI  111 
iSjy,  and    in   this    and    several    l.iler  contributions,    Beirich 
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expressed  his  disapproval  of  the  term  "  Quader-Sandstone 
Formation,"  which  Hoffmann  had  suggested  for  the  Creta- 
ceous system  in  Germany,  and  Geinitz  had  supported  and 
adopted.  Beyrich  and  his  friend  and  colleague,  Julius  Ewald, 
held  strongly  to  the  uniform  acceptance  of  D'Orbigny's  classifi- 
cation. 

An  interesting  treatise  was  written  by  Leopold  von  Buch  in 
1849  on  the  geographical  distribution  of  the  Cretaceous  forma- 
tions. Buch  tried  to  show  that  unlike  the  Jurassic  and 
Triassic  rocks,  the  Cretaceous  rocks  nowhere  extended  into 
the  higher  polar  regions  in  Europe,  Asia,  and  North  America, 
but  were  chiefly  confined  to  the  temperate  zones.  He  con- 
cluded from  this,  that  the  influence  of  the  garth's  internal 
heat  had  diminished  in  the  higher  latitudes,  and  that  the 
geographical  limits  of  the  Cretaceous  formations  gave  an 
indication  of  the  surface  distribution  of  the  earth's  internal 
heat. 

Geinitz  and  Beyrich  had  pointed  out  the  general  agreement 
between  the  Cretaceous  formations  in  the  neighbourhood  of 
Regensburg  and  Kelheim  and  those  in  Bohemia  and  Saxony. 
Giimbel,  as  director  of  the  Bavarian  Survey,  was  in  a  position 
to  bring  out  in  full  detail  the  equivalence  of  the  Bavarian 
deposits  with  those  of  the  adjacent  countries.  This  he 
accomplished  in  an  admirable  work  published  by  the  Bavarian 
Academy  in  1868.  The  Bavarian  deposits  have  yielded  very 
valuable  and  plentiful  fossil  remains. 

As  has  appeared  from  the  context,  D'Archiac  rejected 
D'Orbigny*s  arrangement  and  nomenclature  of  the  French 
Cretaceous  deposits.  His  Histoite  des  Progrh  de  la  Geologic 
(1853)  still  retained  the  older  classifications.  On  the  other 
hand,  the  most  distinguished  representative  of  the  strati- 
graphical  direction  of  research,  Hubert,*  adopted  D'Orbigny's 
sub-divisions,  and  won  for  them  a  secure  foundation  in  virtue 
of  his  detailed  and  excellent  investigation  of  the  Cretaceous 
formations  of  the  Paris  basin,  Belgium,  the  neighbourhood  of 

*  Edmond  Herbert,  born  12th  June  181 2,  at  Villefargeau  (V'onne),  son  of 
a  large  agriculturist,  studied  in  Auxerre  and  Paris  at  the  Normal  School ; 
in  1836  became  professor  at  Meaux  ;  returned  in  1838  as  demonstrator  in 
Chemistry  and  Physics  at  the  Normal  School  in  Paris  ;  and  was  in  1852 
appointed  Master  of  Conferences  for  Geolofjy.  In  1857  he  succeeded  his 
teacher,  Constant  Prevost,  as  Professor  of  Geology  at  the  Sorbonne,  and 
displayed  remarkable  activity  as  a  teacher  there  until  his  death  on  the 
4th  April  1890. 
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Roueii,  and  Le  Mans  (1847-58).  His  support  of  IVOrbipiji 
groups  brought  Htberl  into  conflict  with  his  rival,  the  fiftni 
but  rather  fiery  native  of  Provence,  Henri  Coquaiid. 

The  south  and  south-west  of  France  Itad  bc<a)  Coquand'i 
field  of  research,  Hubert's  work  had  lain  in  the  north  of  Ytvux, 
and  the  facies  variations  of  ihc  rocks  were  undoubtedly  chieSr 
answerable  for  the  want  of  harmony  in  the  results  obtained 
by  the  two  field  geolt^sls.  Coquand  was  engaged  for  cigfal 
years  on  a  survey  of  the  Charente,  but  his  results,  publufacd 
1858-60,  would  neither  agree  with  D'Archiac's  nor  with 
D'Orbigny's  systematic  sub-division  of  the  Cretaceous  qntcm. 
('oquand  found  that  the  Cretaceous  deposits  in  the  wuth 
began  with  the  Upiier  Cenomanian,  and  that  the  most  natuial 
sub-division  would  be  into  eight  groups,  which  were  maiiilji 
characterised  by  the  abundance  of  species  of  the  Hippuricid 
family,  whereas  in  the  north  of  France  there  were  scarcely  anj 
H  ippuritids. 

Coquand  erected  a  number  of  palKonlological  zones  for  ihc 
Cretaceous  development  in  the  Charente,  and  traced  the 
continuation  of  tbt-sc  into  Provence  and  Algtrix  To  tl;j 
Cenomanian  and  Turonian,  Coijuand  ascribed  tho  sta,:;i-i 
Ji/iotomtigirn,  Gardonkn.,  Carnilonien  (^one  of  Exoi^M^i 
coliimba),  Angoiimicii,  and  Provcnckii;  to  thi:  SL-noniari  and 
Daninn  In;  ascribed  the  stages  Coninciai,  Sanlonien,  CttmptinUn, 
a.\\A  Dordoniat.  In  1862  he  a(ld,;d  a  ni;w  stage,  vJ/.f/-';.M/,-«, 
between  the  Carcntonicn  and  Angoumiun  for  the  sandstones  uf 
Uchaux  and  Mornas ;  and  in  1869  he  inserted  a  new  stayi,'. 
I.it^itifii,  between  the  Carentoiiien  and  Mornasicn.  Coijuniid 
also  added  thu  ;.tay,;  Barrimkn  to  the  lower  Crttac^ous 
between  Neocomicii  and  Urgonien  for  Cephalopod-bL-arin^ 
strata  at  liarreme  and  other  localities  in  the  ISasses  Alpi's 
which  D'Orbigny  had  regarded  as  a  facies  of  the  Urgonien. 

Co(|nand's  special  nomemlaturc  for  the  southern  (.'rii.i- 
ceous  duvelO|iniciil  was  willingly  accepted  by  the  geologi-ls  iji 
the  south  of  France,  but  was  strongly  contested  by  HJIiert. 
The  Parisian  strati LjiajilKT  also  doubted  the  presence  o(  true 
etiuivalenls  of  the  Wliite  Chalk  with  liilumiiitdlas  in  the  areas 
of  Touraiiie,  Cliariinle,  Dordogne,  and  Provence;  in  lii-. 
"iiiiiidii,  Ci"|iiand  had  irronei.usly  coni|>ared  llie  Dordunaii 
and  Campanicn  with  llie  Senoniun   and  l):inirn   of  thu   norlli  ; 

.^^    llie   prtsunt   day  the   general   tendency   in    France   ii    lu 
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adhere  firmly  to  D*Orbigny's  sub-division  and  nomenclature, 
and  where  necessary  to  form  sub-groups  and  sub-stages.  Thus 
Renevier  gave  to  the  passage-beds  between  Urgonien  and 
Aptien  at  the  Perte  du  Rhone,  the  distinctive  name  of  Rho- 
danien^  and  the  name  of  Vraconien  to  the  uppermost  horizons 
of  the  Gault  in  the  Jura  of  the  Waadt  Lands.  Again,  Pictet 
separated  certain  basement  beds  of  the  Neocomian  in  the 
French  Rhone  Valley  as  a  sub-stage,  Berriasien^  characterised 
by  special  fossils  also  widely  distributed  in  the  Alps  and 
Carpathians  and  in  Algeria. 

The  Cretaceous  deposits  play  a  relatively  subordinate  part 
in  the  Swiss  and  Eastern  Alps  and  in  the  Carpathians,  and 
could  not  be  properly  understood  until  the  stratigraphy 
of  extra-Alpine  Cretaceous  formations  had  been  elucidated. 
In  Switzerland,  Studer  had  as  early  as  1836  demonstrated 
the  presence  of  Lower  Cretaceous  deposits  near  Interlaaken, 
and  afterwards  Studer  and  Escher  von  der  Linth  together 
studied  the  Cretaceous  rocks  at  Lake  Lucerne,  the  Glarnisch 
and  Sentis  mountains.  Renevier,  Favre,  and  Schardt  have 
chiefly  contributed  to  the  knowledge  of  the  interesting  Creta- 
ceous sequence  in  the  Waadt  Lands  and  Savoy  Alps. 

The  Vorarlberg  Cretaceous  deposits  were  examined  by  Von 
Richthofen,  Giimbel,  and  Vacek,  those  of  the  Bavarian  Alps 
by  Giimbel.  In  the  Austrian  Alps  the  "Gosau  Strata"  have 
yielded  a  remarkable  profusion  of  well-preserved  fossils.  In 
1822,  Ami  Boud  observed  these  fossils  on  the  cliffs  near 
Wiener  Neustadt;  he  thought  at  first  that  they  were  Jurassic, 
but  afterwards  included  them  in  the  Greensand  formation. 
Keferstein  united  them  (1827)  with  the  Tertiary  **Flysch," 
although  Count  Miinster  had  identified  Cretaceous  species 
amongst  the  fossils.  Murchison  likewise  placed  the  Gosau 
marls  in  the  Tertiary  epoch,  but  ascribed  a  greater  age  to 
the  Hippurite  or  Rudistes  limestone  with  which  they  are 
associated. 

The  Austrian  geologists  wavered  between  Gault  and  Upper 
Cretaceous  as  the  systematic  position  of  the  Gosau  marls,  until 
in  1852,  just  thirty  years  after  their  first  discovery,  Zekeli 
concluded  from  his  investigation  of  the  Gosau  gastropods, 
that  the  strata  containing  them  must  be  the  equivalent 
of  D'Orbigny's  Turonien  and  Senonien.  Reuss  agreed  with 
this  view  in  the  main,  but  thought  the  Gosau  complex  chiefly 
corresponded  to  the  Turonien  horizon  and  only  partially  to  the 
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B  dcAnitioD  «ai  unsatisEtcUwy,  sincx-  the  Fkik)i 
KiimitsfortheTuronicnandi^oaien, 
,  in  I  monograph  on  the  bivalvei  or  ibc 
G(»Mi~smt>,  that  ibe  Affimties  were  wry  narked  with  the 
bunas  of  Cot^Bnd'ssUges  ProrendeD  and  Sanionien,  typoll; 
dnekifted  in  Protewce  and  the  P)i««,<!a.  The  ocher  sah- 
dinskms  of  the  OeHoeoas  sjitem  also  resembte  (he  facKS  in 
(he  soaifa  of  France  whereas  the  Carpathian  develofimcnt  of 
(he  Cnttccoos  defSKits  aocordii^  to  Hohenegser,  Nnmup, 
TietD^  and  otbet  Aostrian  geologists,  display  many  pecutiariiicf, 
and  have  had  to  be  sutHlinded  into  a  number  or  local  groops 
aod  cooes. 

The  banal  duncter  of  the  Alpine  Upper  Cretawouj 
deposts  Htcmt  a  rapid  nriatioD  from  west  to  cast ;  the  Seewcn 
limestones  and  nuris  with  Amm^nitit  rhotamagnuis,  HoiaUfr 
mbglttasms,  and  oLber  Upper  Creueeous  types  in  Switterlind, 
five  ptaoe  to  the  Fotaminiferal  limestones  with  Or/>ituiina 
fi^B^itnt,  a  characteristic  Ceoomanian  type,  in  (be  Vorarlbwg 
and  DAvjrian  A!p= :  further  east,  the  Upper  Cretaceous  depn^Ji* 
a::,  r.-rT-c-c:itcd  i.v  the  Got.iu  strata,  often  dislinguislit-d  as 
:  <.-  H;ppuri:i,:  or  Rudi>tes  facics.  whose  affinities  with  th^ 
I'yrt-nMS  a:-,d  the  Uchau\  area  in  the  western  Alps  is  ihcro- 
fote  a  matter  of  special  sirali graphical  interest. 

The  occurrence  of  the  Gosaii  dL-posiis  in  separate  cni-t- 
i..-.>-n^  adjoining  tht  leading  east  and  west  faults  between  tik- 
iinrthern  and  Central  regions  of  the  eastern  .\l]is,  has  provided 
Alpine  straligraphers  with  some  useful  data  regardiiig  the 
regional  crust-movements  which  are  thouglit  to  havi'  Ixgiin  in 
the  ea=lern  Alps  in  Upper  Cretaceous  time,  and  to  have  con- 
tinued intermittently  during  Tertiar)-  epochs,  culminating  in 
the  upheaval  of  the  pre-eiit  Alpine  chain, 

I.  l\r!i,jr\  Si/ft-w.— The  fundamental  researches  which  were 
carried  out  in  the  licginnini;  of  the  nineteenth  century  hy 
fuvier  and  Itron-niart  in  the  Paris  basin,  by  inialloy  in 
l!il-ium,  and  by  Webster,  Huckland,  and  l.ycll  in  England, 
afforded  the  basis  of  tlie  more  detailed  examination  of  the 
fossil  mollusca  characteristic  of  the  successive  Tertiary  horizon^ 
JJrot.clii,  Sowerby,  l„amarck,  Dcshayes,  and  Uronn  demon- 
strated the  security  of  the  palajonlological  method  of  sub- 
division with  the  most  hrilhanl  success,  and  upon  their  result- 
Charles  l.ycll  established  bis  division  of  the  Tertiary  dejiosiis 
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into   the   Eocene,    Miocene,  and  Pliocene  formations   {ante^ 

p.  43  0 

The   systematic  limit  between  the  basement  beds  of  the 

Eocene  and  the  highest  horizons  of  the  Cretaceous  system  had 

been  clearly  defined  for  Northern  Europe  by  Brongniart  and 

D'Omalius  d'Halloy,  while   Buckland   had   defined  the  limit 

between  the  upper  horizons  of  the  Pliocene  and  the  lowest 

Diluvial   or   Pleistocene    deposits.     On  the   other  hand,  the 

difficulty  of  determining  a  definite  limit  between  Eocene  and 

Cretaceous   deposits   in   Alpine  areas   has,  except   in   a  few 

localities,  proved  insuperable  to  the  present  day. 

The  characteristic  South  European  and  Alpine  facies  of  the 
Eocene  deposits  is  a  massive  Foraminiferal  limestone,  com- 
posed chiefly  of  the  remains  of  Nummulites  {ante,  p.  244). 
But  in  the  Alps,  this  eminently  pelagic  facies  is  often  partially 
or  wholly  replaced  by  a  very  variable  group  of  sandstones, 
marls,  conglomerates,  shales,  and  clays,  which  is  termed 
"  Flysch,"  and  offers  palaeontological  difficulties  on  account  of 
the  rare  occurrence  of  distinctive  fossil  types,  and  of  many 
stratigraphical  difficulties  bound  up  with  the  most  obscure 
problems  in  the  tectonic  structure  of  the  Alps. 

In  1823,  Brongniart  had  ascertained  the  Tertiary  age  of  the 
Nummulite  formations  at  Ronca,  Castel-Gomberto,  Monte 
Bolca,  and  other  localities  in  the  Vicentine  Alps;  and  Munster 
had  published  a  list  of  one  hundred  and  seventy-two  species 
from  the  famous  locality  of  Kressenberg  in  the  Bavarian  Alps, 
forty-two  of  which  agreed  with  typical  Tertiary  species  of 
Germany,  France,  and  England,  while  two  species  showed  a 
certain  resemblance  to  Cretaceous  species,  and  only  a  single 
species  {Ostrea  semipland)  was  actually  a  Cretaceous  form. 
Count  Munster  therefore  concluded  that  the  Kressenberg 
strata  were  of  Tertiary  age.  Murchison  and  Sedgwick  in  their 
memoir  on  the  eastern  Alps  (1830)  also  regarded  the  Kressen- 
berg strata  as  Tertiary,  but  expressed  the  opinion  that  the 
Nummulite  rocks  near  Sonthofen  in  Bavaria  were  closely 
united  with  the  Cretaceous  series,  as  that  fauna  appeared  to 
contain  a  fair  admixture  of  Cretaceous  and  Tertiary  types. 

The  same  opinion  was  more  forcibly  expressed  by  Dufrenoy 
and  Elie  de  Beaumont  in  several  memoirs  explanatory  of  the 
geological  map  of  France  (1830-38) ;  these  authors  insisted  that 
the  fauna  of  the  Nummulite  and  Flysch  deposits  in  the  south 
of    France  was   a   mixed    Eocene-Cretaceous    fauna    closely 
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Tehled  to  Upper  Cretaceous  faunas  in  other  French  tocatilio. 
They  poinled  out  that  the  upheaval  of  the  Pyrenees  had  Ukwi 
place  after  the  accu in  illation  of  these  inlcrmediale  deposits,  jnd 
tlierefore  proposed  lo  include  them  with  the  Cretaceous  syMc-m 
It  was  admitted,  however,  that  the  Numniulite  rocks  of  Rono, 
Monte  Bolca,  and  a  few  other  localities  were,  as  Elic  dc  Beau- 
mont had  said,  of  Tertiary  age. 

The  Swiss  geologists,  Studer  and  Escher  von  der  I.inih, 
regarded  the  Nuramulite  deposits  of  Southern  Europe  as  pasvigc- 
beds  between  the  Mesoioic  and  Caino^oic  periods,  the  aftiim)- 
being  greater  with  the  Cretaceous  than  with  the  Eocene 
faunas.  Lcymerie  (1843)  treated  the  Numiuuliie  deposits  in 
the  Pyrenees  as  an  independent  formation  (Terrain  epieritmi) 
between  Cretaceous  and  Tertiary,  and  Tallavignes  sub-divided 
tliis  formation  into  two  horizons,  Iberien  and  Alaricien. 

Deshayes  and  Rauliii  contested  the  supposed  close  affinity 
of  the  Nunimulite  group  with  the  Cretaceous  series,  and  em- 
phasised the  decided  Eocene  character  of  the  Nummulite  fauna 
IVArchiac  gave  an  exhaustive  account  of  the  Nummulite  forma- 
tion in  his  JlistiHti  ties  J'rti!;res  de  ia  Gi:o/.>su\  and  brnu-l:i 
forward  an  imposing  array  of  arguments  in  favour  of  tht- 
Tertiary  age  of  these  deposits.  Three  years  afterwards,  in 
i^S-l'  ^  liandsoniely  ilhistratcd  monograph  was  issued  under  the 
conjoint  authorship  of  D'Archiac  and  Haimc.  It  contained  ,1 
romplL'te  synopsis  and  description  of  all  Nummulilc  s|H.-cit-s 
and  demonstrated  that  the  genus  Nummulilcs  was  not  known 
to  occur  either  in  the  Cretaceous  deposits  or  in  the  youn^L-r 
Tertiary  groups.  This  work  was  regarded  as  practically  decisive-, 
and  the  Xummulite  formations  were  assigned  lo  the  Eocene 
period. 

Meantime  the  Tertiary  deposits  of  Central  and  Northern 
F.urope  were  made  the  subject  of  many  special  researches. 
The  memoirs  by  Galeotli  (iS37)and  by  A.  Dumont  (1S36.JI1 
on  the  l!ul>;ian  development  were  far-reaching  in  their  inlhiL-nce. 
Dumont  distinguished  (1849-52)  a  series  of  pala;ontologi<".il 
^ones,  and  named  the  Heltjiansub-iiivisionsaccordinglyas  Heer- 
slcn,  I.anilcnien,  Vpresien,  Panisclicn,  llruxellien,  I.aekenicn, 
Tonsricn,  Kujielien,  liolderien,  Diestien,  Scaldisien.  SirChark-^ 
I.yell  afterwards  showed  that  the  first  siv:  of  Dumont's  "Slaves' 
(..iiL-spond  lothe  I.OWLT  and  Middk  F.ncene  ;  Tongrien'.md 
kiijiulien  represent  Upper  Eocene  ;  lloldcricn  represent-;  ilie 
Miocene  ;    and    Diestien   and    Scaldisien   are   the   eipiivaknts 


STRATIGRAPHICAL  GEOLOGY.  529 

of  the  Pliocene  or  English  **  Crag."  The  stratigraphy  of  the 
Tertiary  deposits  so  ably  described  by  Brongniart  was  further 
investigated  by  several  eminent  French  geologists,  a  very 
suggestive  paper  on  diflerences  of  facies  being  contributed 
in  1838  by  C.  Prevost  (cf.  p.  503).  Hebert  in  1848  threw 
new  light  upon  many  of  the  stratigraphical  features,  especially 
the  structural  relations  at  the  margins  of  the  basin. 

In  England,  Joseph  Prestwich  ^  had  commenced  his  studies 
of  the  two  Tertiary  basins  of  Hampshire  and  London  in  the 
year  1 846.  He  contributed  a  series  of  memoirs  to  ihe/ounial  of 
the  Geological  Society^  all  of  which  display  remarkable  scientific 
judgment  and  accuracy  of  observation.  Prestwich  demon- 
strated for  the  first  time  the  presence  of  Thanet  Sands  as 
a  well-defined  zone  below  the  London  Clay,  and  showed  that 
the  latter  was  not  the  equivalent  of  the  Bracklesham  and  Barton 
strata,  nor  of  the  *'  Coarse  limestone  "  of  the  Paris  basin,  but 
belonged  to  a  deeper  horizon.  In  a  memoir  published  in  1855, 
Prestwich  made  an  attempt  to  compare  the  older  Tertiary 
groups  of  England  with  those  of  the  Paris  basin  and  Belgium, 
relying  upon  the  results  of  D'Archiac  and  Dumont  for  his  data 
regarding  the  Continental  deposits.  Both  these  authors  had 
previously  drawn  up  synchronous  tables  for  the  English  and 
Continental  developments,  but  the  subsequent  researches  of 
Prestwich  enabled  him  to  make  certain  alterations  from  the 
English  standpoint. 

The  only  foreign  equivalent  which  Prestwich  could  find  for 
the  Thanel  Sands  was  the  lower  part  of  the  Belgian  Landenien 
(Heersien);  in  the  Paris  basin  he  regarded  the  lower  glau- 
conitic  marine  sands  (Sables  de  Bracheux),  the  plastic  clay, 
the  lignite  and  the  conglomerate  of  Meudon  as  equivalent  of 
his  Woohvich  Series ;  true  London  Clay  seemed  absent  in  the 
Paris  basin,  but  was  represented  in  Belgium  by  the  lower 
Ypresien  of  Dumont.  The  Lower  Bracklesham  or  Bagshot 
strata  were  represented  by  the  sands  of  Soisson*:,  Cuise,  Aizy, 
and   Laon   in  the  Paris  basin,  as  well  as  by  the  upper  part 

^  Sir  Joseph  Prestwich,  born  iSi2at  Pensbury  near  London,  was  educated 
partly  in  England,  partly  in  Paris,  and  after  the  completion  of  his  studies  at 
University  College  in  London,  he  entered  his  father's  business,  from  which 
he  only  retired  in  1872.  All  his  leisure  was  devoted  to  geological  re- 
searches, and  in  1874  he  succeeded  J.  Phillips  as  Professor  of  Geology  in 
Oxford.  In  1888  he  was  President  of  the  Fourth  International  (Ecological 
Congress  in  London;  he  died  on  the  23rd  June  1896. 
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of  the  YpriiUtt  and  the  Paniiilim  in  Dclgium ;  the  MitUk 
Itracklesham  and  Bagshot  strata  were  the  equivalents  of  t*»« 
"Coarse  limestone"  of  the  Paris  basin  and  the  JfiuxetlitnmA 
Laekmien  in  Belgium.  The  Upper  Bracklcshain  strata  and  the 
Barton  Clay  corresponded  with  tlie  middle  marine  und 
near  Paris.  Hubert  in  1873  emended  the  sfnchronoux  table 
of  Prestwich  on  a  few  points,  but  for  the  sub-division  of  the 
English  Tertiary  deposits  the  results  obtained  by  Prestwich 
are  the  recognised  standard  at  the  present  day. 

The  upper  fluvio-marine  division  was  described  in  detail  \t^ 
Edward  Forbes  in  1856,  and  the  fossil  riches  of  the  Tertiary 
deposits  have  formed  the  subject  of  some  of  the  gicatcsi 
classics  in  palieontologicat  literature.  The  earlier  contribulors 
to  the  knowledge  of  the  English  Tertiary  faunas  included  Sit 
Richard  Owen,  Agassiz,  Thomas  Davidson,  Edward  Forbeii, 
Miljie-Edwards,  Haime,  and  Duncan  {Chap.  V.). 

The  Miocene  and  Pliocene  deposits  of  Italy  were  investigated 
by  Brocchi  and  Bronn,  and  afterwards  by  several  Italian  authon 
and  by  the  two  Germans  Hoffmann  and  Philippi.  The^wKow^- 
(liion  of  the  Tertiary  Fossils  in  Sicily  by  Philippi  appeared  in 
1846,  and  formed  a  valuablL-  supplement  to  Llt:sha)es'  investi- 
gations, in  so  far  as  it  showed  that  the  number  of  living 
Mediterranean  types  represented  in  the  Pliocene  deposits  of 
Sicily  gradually  increases  from  the  lower  to  the  upper  horizons 
of  the  scries,  until  in  the  highest  horizons  very  few  exiinci 
species  are  present.  Agassiz  questioned  the  results  obtamed 
by  Philippi,  and  wrote  a  monograph  in  1845  with  the  special 
intent  of  proviiif;  that  no  living  species  is  completely  identical 
with  the  forms  in  Pliocene  deposits,  and  that  each  individual 
formation  contains  a  fauna  entirely  peculiar  to  itself.  Thi^ 
opinion,  as  has  been  said  above  (p.  50;),  was  shared  in  a 
modified  measure  by  n'Othigny. 

A  sub-division  of  the  Tertiary  deposits  into  four  stages  (.Wi- 
tonieii,  Piirisien,  /■U/iiii.'ai,  Siiia/'aiiiiii)  was  proposed  in  1S5; 
by  D'Orbigny,  and  was  rapidly  adopted  in  France.  The  Sue=- 
sonien  and  Parisicn  correspond  with  Lyell's  Eocene  formation. 
The  Falunien  is  again  divided  into  two  sub-siai;cs,  the  older  (if 
which  (7oi>!;ri,'>i)  bi-ins  in  tlio  Paris  basin  with  the  Fontaiiie- 
bleau  sandstone,  and  includes  the  fresh-water  limestone  arij 
millstone  f|uarl/,  while  the  younger  liori/on  of  I'alunien  com- 
prises the  Kihnis  of  Tuuraiiie,  of  .A(|uitanien  and  Langucdor. 
the  Ov7^of  Stiffolk  and  Antwerp,  the  .\M,isse  and  N.T,^r//:n- 
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of  Switzerland,  and  other  Miocene  deposits.  The  Sub-Apen- 
nine  stage  includes,  in  addition  to  the  Pliocene  marine  for- 
mations of  Italy  and  the  upper  sands  of  Montpellier,  a 
mixture  of  young  Tertiary  and  diluvial  deposits.  D'Orbigny's 
classification  is  very  unsatisfactory;  it  often  throws  together 
strata  of  quite  different  ages,  and  assumes  stratigraphical  limits 
for  which  there  is  no  evidence. 

In  addition  to  Touraine,  Gascony,  and  Turin,  another  dis- 
trict well  known  to  the  literature  in  connection  with  the 
Miocene  strata  is  the  Vienna  basin.  The  first  scientific 
observations  of  this  area  were  contributed  by  Constant 
Provost  (1820)  and  Ami  Bou^  (1822).  The  latter  relied 
mainly  on  information  given  by  Partsch  and  Hauer,  who 
had  been  an  enthusiastic  collector  of  fossils  in  the  localities 
near  Vienna.  In  1837,  Bronn  revised  Hauer's  collection,  and 
by  his  identification  of  the  fossils  proved  that  the  fauna  was 
of  Miocene  age.  In  1846,  D'Orbigny  published  his  excellent 
monograph  on  the  Foraminifera  of  the  Vienna  basin,  and  two 
years  later  Reuss  published  an  account  of  the  fossil  polyps. 

Many  geologists  examined  local  areas  and  contributed 
sections  and  maps,  but  the  first  to  give  a  clear  exposition  of 
the  stratigraphical  relations  of  the  whole  Vienna  basin  was 
Suess,  in  1866,  in  a  memoir  entitled  Untersuchungen  iiber 
den  Charakter  der  bsterr,  Tertiarablagerungen.  This  memoir 
described  not  only  the  Alpine  "  Vienna  basin,"  but  also  the 
deposits  in  the  area  between  the  Alps  and  the  Manharts  range. 
Suess  showed  that  the  Eocene  Nummulite  formation  is  suc- 
ceeded by  poorly  fossiliferous  marls  and  clays,  then  by  the 
Meletta  shales,  which  form  a  fairly  constant  band  of  strata  in 
the  Alps  and  Carpathians,  in  Alsace,  and  other  localities. 
They  are  followed  in  the  Vienna  basin  by  the  lowest  Miocene 
strata  of  Molt  and  Horn,  of  Gauderndorf  and  Eggenburg, 
which  are  largely  of  fresh-water  origin,  and  are  covered  by  the 
widely-distributed  "Schlier"  or  "Cyrena  beds"  of  brackish- 
water  origin.  Then  succeeds  the  richly  fossiliferous  Marine 
series,  comprising  sands,  calcareous  clays  (Tegel),  and  lime- 
stones, passing  into  one  another  as  diverse  rock-facies  of 
contemporaneous  origin.  The  limestone  facies  predominates 
in  the  Leitha  mountains,  while  the  blue  calcareous  clays  of 
Baden  are  the  shallow-water  equivalents  of  the  Leitha  lime- 
stones. The  marine  deposits  were  all  comprised  by  Suess 
under  the  general  term  of  "  Mediterranean  Stage." 
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Tbef  were  (bowa  to  be  fbllaved  by  deposits  of  bocik>>b- 
water  oHgbi,  Cerithia  nndt  ftlld  cUys  charged  with  sbelk, 
coBipnsed  bf  Sikss  ufwlcT  the  general  tdm  of  "Iwantan 
Stage."  The  strata  or  lite  Sjnnaiun  Stage  an:  cxtcnardy 
distfibated  tn  the  sooth  of  EuTO]>e,  and  the  buna  had  already 
been  described  bjr  l>e  Mamy  and  Eichwaid.  At  the  dos«  ol 
the  Samtalian  Stage,  Ifae  deposits  of  the  North-Atpinc  area 
artd  the  plains  are  essentially  fresh-trater  deposits,  cocnptau^ 
the  Omgeria  Clajt,  and  the  Bilr€dert  f^tilt-hejf,  the  bncr 
haring  been  deposited  from  running  water,  probably  by  wide 
river-courses  pouring  northward  from  the  Alps,  Suess  coo*- 
prised  the  fresb-watet  dcpo.sits  under  the  name  of  "  Pontk 
Stage,"  and  identified  them  as  the  equivalent  of  the  Pliocene 
formation. 

A  few  years  earlier  Suess  had  shown  from  the  distribution 
of  the  fossil  terrestrial  matnmals  in  the  various  I'ertiary  dc~ 
posits,  that  the  older  marine  horizons,  as  wctl  as  the  bnrkitti' 
water  "  Cerilhia  "  sands,  correspond  in  age  with  the  Jiltddle 
Miocene  in  France  and  Switzerland  (Marine  molasse,  frvsh- 
water  linK-stoin;  of  Oeningcn,  upper  fresh-watc-r  molasse),  whik- 
the  u[i|iLr  frthli-uater  formations  of  the  Vienna  basin  contaJML-d 
the  fauna  of  ibi:  Uppur  Miocene  deposits  of  lOppelshiini. 
Cucuron,  and  rikernii.  The  systematic  divisions  established 
by  SuLSs  for  the  Austrian  deposits  have  been  verified  by  iatiT 
investiyaiiuiis,  and  only  modified  in  minor  [larticulars. 

The  biratigraphical  knowledge  of  the  German  Teriiary 
deposits  \va^  lali;  in  developing.  There  were  several  dilii- 
culiies  to  contend  with,  the  chief  obslacic  bting  the  imi>os- 
sibilitv  of  seiiirinj'  a  complcle  section  from  which  a  defmile 
stic.ession  could  be  determined.  This  w.is  the  more  uji- 
fortun.ile  as  the  fossils  that  were  found  in  the  scatteicd 
localities  seldom  |ierniitted  an  exact  idenlifi<ation  wiili  the 
lypi.al  Vx«v\V'  and  Mio.ene  forms  known  to   ihe  litetatuie. 
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scription  of  the  Tertiary  formations  in  the  Rhineland.  The 
discovery  of  the  famous  Dinotherium  skull  at  Eppelsheim  by 
Klipstein  and  Loup  induced  Klipstein  (1836)  to  contribute  a 
more  careful  stratigraphical  account  of  the  strata  in  the  Mainz 
basin,  and  he  paralleled  the  bone-bearing  sands  of  Eppelsheim 
with  the  gypsum  of  Montmartre,  and  the  limestone  strata 
underlying  the  bone-bearing  sands  with  the  coarse  lime- 
stone beds  of  Paris.  In  the  following  year,  Bronn  tried  to 
prove  that  the  Eppelsheim  sands  belonged  to  a  higher  horizon 
and  were  comparable  with  the  Middle  Tertiary  of  the  Vienna 
basin,  and  he  likewise  assumed  a  Miocene  age  for  the  other 
sands  near  Alzey,  "although,"  he  said,  "the  characteristic 
species  of  the  clays  iri  the  Vienna  basin  are  absent." 

The  first  accurate  and  detailed  account  of  the  succession  of 
strata  in  the  Mainz  basin  was  given  by  Sandberger  in  1853. 
He  sub-divided  the  series  into  nine  well-marked  palaeontological 
zones  which  he  compared  with  the  "  stages  "  of  Tertiary  strata 
in  France  and  Belg'ium ;  the  zones  in  ascending  order  were : 
(i)  Marine  sands  near  Alzey;  (2)  Septarian  clay  and  "Cyrena" 
marls  with  occurrences  of  brown-coal;  (3)  Limestone  of  Hock- 
heim  with  land-snails ;  (4)  "Cerithia"  limestone  of  Florsheim 
and  Oppenheim ;  (5)  "Litorella"  limestone;  (6)  Clays  and 
shales  with  brown-coal ;  (7)  Leaf  sandstone ;  (8)  Fresh-water 
sands  of  Eppelsheim  with  remains  of  Dinotherium,  Hipparion, 
etc.;  (9)  Marine  sands  of  Cassel.  Sandberger  compared  the 
Alzey  sands  and  the  Septarian  clay  with  Dumont's  Tongrien 
and  Rupelien  stages ;  the  littoral  and  brackish-water  deposits, 
from  Hockheim  limestone  to  the  leaf-sandstone,  he  regarded  as 
the  equivalents  of  the  marine  Miocene  strata  in  the  Aqui- 
tanian  and  Vienna  basins,  and  of  the  system  Bolder  ten  in 
Belgium  ;  while  he  placed  the  bone-sand  of  Eppelsheim  and 
the  Cassel  sands  in  Lower  Pliocene,  as  an  equivalent  of  the 
system  Dksiien  in  Belgium. 

The  sub-divisions  proposed  by  Sandberger  for  the  Tertiary 
formation  in  the  Mainz  basin  have  undergone  very  little  sub- 
sequent modification.  The  chief  alteration  was  made  in  1854 
by  Hamilton,  when  he  proved  that  the  Hockheim  limestone 
was  not  an  independent  horizon,  but  a  local  intercalation 
in  the  "Cerithia"  strata.  In  18S3,  Lei)sius  published  a  geo- 
graphical description  of  the  Mainz  basin ;  and  the  first 
volume  of  the  Geologic  von  Deulschland,  by  the  same  author 
(1892),  affords  a  general  survey  of  all  the  literature  that  l\a.s 
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brackish  and  fresh-water  deposits  of  the  Mainz  basin,  and 
the  brown-coal  deposits  of  Hesse  and  Rhineland.  In  Upper 
Oligocene^  Beyrich  included  the  Marine  formations  of  Crefeld, 
Diisseldorf,  Cassel,  etc.  These  are  succeeded  by  the  typical 
Miocene  formations  of  the  Lower  Elbe  district,  Holstein  and 
Schleswig. 

Bey  rich's  differentiation  of  the  Oligocene  formation  was 
supported  by  Lyell  and  other  eminent  geologists,  and  proved 
very  helpful  in  the  systematic  arrangement  of  the  Tertiary 
deposits.  It  is  noteworthy  that  there  is  no  marine  equivalent 
in  Belgium,  France,  or  England  for  the  Upper  Oligocene  strata 
of  North  Germany.  Probably  these  correspond  in  age  with 
the  fresh-water  limestone  of  Beauce,  which  is  usually  classified 
as  Lower  Miocene  by  French  geologists.  Emendations  in 
Beyrich's  sub-division  were  made  by  Sandberger  in  1863,  when 
he  pointed  out  that  the  "  Cyrena "  marls  belonged  to  Upper 
Oligocene,  and  that  the  Lower  Miocene  should  begin  with  the 
littoral  and  brackish-water  series,  the  "Cerithia"  and  land-snail 
limestones,  and  the  leaf-sands  of  the  Miinzenberg. 

The  Tertiary  basin  of  the  Swabian-Bavarian  plateau  and  the 
neighbouring  margin  of  the  Jura  mountains  and  the  Alps  is 
connected  on  the  one  side  with  the  Austrian  development,  on 
the  other  side  with  the  North  Swiss  development  of  the  Tertiary 
formations,  and  its  relations  could  only  be  properly  understood 
after  the  knowledge  of  these  formations  in  adjacent  areas  was 
fairly  well  advanced.  The  monograph  of  the  Molasse  deposits 
in  Switzerland,  written  by  Studer  (1825),  contains  a  remark- 
ably accurate  description  of  the  different  formations  according 
to  their  petrographical  constitution  and  stratigraphical  posi- 
tion, but  at  the  time  of  publication  it  was  quite  impossible  to 
assign  definite  ages  to  the  successive  strata.  The  observa- 
tions of  the  Bernese  geologist  were  supplemented  by  the 
researches  of  Escher  von  der  Linth,  Braun,  and  Oswald 
Heer,  so  that  Studer  in  1853,  in  the  second  volume  of  his 
famous  work.  Geologic  der  SchtveiZy  was  in  a  position  to 
give  an  almost  exhaustive  exposition  of  the  Swiss  Tertiary 
deposits. 

From  the  composition  and  stratigraphical  position  of  the 
parti-coloured  Nagelflue  deposits,  Studer  concluded  that  the 
materials  composing  this  conglomeratic  rock  and  the  Molasse 
sandstones  had  been  derived  from  a  marginal  Alpine  chain 
which  was  afterwards  bent  inward  at  the  further  folding  and 
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The  Tertiary  deposits  of  the  Swabian  plateaux  were  studied 
by  Quenstedt  and  Probst;  those  in  Baden  and  Wiirtemberg 
were  elucidated  by  Mandelslohe,  Zieten,  Klein,  Miller,  and 
Schill. 

The  sub-Alpine  band  of  Tertiary  deposits  in  Bavaria  com- 
prises the  Flysch  deposits  of  Eocene  and  Lower  Oligocene  age 
forming  hills  in  front  of  the  limestone  mountains.  On  the 
undulating  plains  stretching  northward  are  the  Oligocene 
brown-coal  strata  and  the  younger  Tertiary  deposits.  Sand- 
berger,  in  1853,  was  the  first  to  recognise  the  Oligocene  age 
of  the  brackish -water  strata  worked  for  coal  at  Miesbach, 
Penzberg,  and  Pcissenberg.  He  identified  Cyrena  semisiriata 
and  other  typical  Upper  Oligocene  forms  in  the  marls,  and  he 
compared  the  fauna  of  the  marine  series  below  the  productive 
beds  with  the  middle  Oligocene  fauna  of  the  Weinheim  sands 
near  Alzey. 

Giimbel  in  1861  gave  a  full  geological  and  palaeontological 
account  of  these  Tertiary  deposits  in  his  large  volume  on  the 
Bavarian  Alps.  A  new  monograph  on  the  fauna  of  the  South 
Bavarian  Oligocene  Molasse,  by  H.  Wolff,  places  the  whole  of 
the  marine  and  brackish-water  Oligocene  formations  of  Southern 
Bavaria  in  the  Upper  Oligocene  horizon.  Similar  conclusions 
had  been  formed  by  Theodor  Fuchs  and  K.  Mayer  regarding 
the  age  of  the  equivalent  deposits  in  the  sub-Alpine  band  of 
Switzerland  and  Austria. 

From  what  has  been  said  it  is  evident  that  it  was  no  longer 
difficult  to  determine  the  main  divisions  of  Tertiary  strata 
after  the  true  principle  had  been  discovered  of  identifying  the 
relative  age  of  the  component  members  from  a  comparison  of 
the  faunas  contained  in  them  with  one  another,  and  with 
existing  genera  and  species.  But  the  attempts  to  provide  a 
systematic  zonal  sub-division  of  the  series,  capable  of  general 
application,  proved  fruitless.  Geographical  areas  and  biological 
provinces  attained  a  very  high  degree  of  local  differentiation  in 
Europe  during  Tertiary  epochs,  so  that  basins  of  deposit  which 
appear  to  have  liad  some  kind  of  communication,  or  were  at 
least  very  close  to  one  another,  nevertheless  exhibit  marked 
peculiarities  in  the  lithological  and  paJDeontological  develop- 
ment. Each  basin  passed  through  its  own  history  of  sedi- 
mentation, in  nearly  all  cases  a  most  che(iucred  history.  An 
area  that  was  at  one  time  an  alluvial  flat  would  at  other  times 
be  usurped  by  an  oceanic  inundation,  and  again  become  dry 
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members,  and  until  about  thirty  years  ago  geologists  were 
content  to  treat  the  series  comprehensively  as  one  group  of 
deposit.  Buckland  originally  defined  the  upper  limit  of  the 
Diluvium  and  beginning  of  Alluvium  as  coeval  with  the 
appearance  of  man  on  the  earth,  but  the  prehistoric  researches 
conducted  in  the  latter  half  of  the  century  showed  that  man 
had  been  a  contemporary  of  some  of  the  extinct  Mammals. 
Palaeolithic  implements  have  afforded  traces  of  man's  existence 
in  the  latter  part  of  the  Pleistocene  age.  The  study  of  the 
Diluvial  Mammals  led  Lartet,  in  1863,  to  establish  three 
periods:  the  oldest  is  characterised  by  the  predominance  of 
EUphas  antiquus^  Rhinoceros  Mercki^  and  others ;  the  middle 
period  by  the  Mammoth,  Rhinoceros  tichorhinus^  Ursus 
spelceus^  Bison  priscus ;  and  the  third  and  youngest  by  the 
occurrence  of  forms  still  living  in  high  latitudes,  such  as  rein- 
deer, musk-ox,  Canadian  elk,  and  beaver. 

Research  on  Diluvial  deposits  was  imbued  with  fresh  interest 
when  the  glacial  theory  was  established  by  Venetz,  Charpentier, 
and  Agassiz  (1829  to  1840).  It  was  then  rendered  possible, 
not  only  to  understand  the  conditions  under  which  the  various 
deposits  had  taken  origin,  but  also  to  classify  the  deposits 
according  to  their  age  as  preglacial,  interglacial,  and  post- 
glacial The  first  researches  from  this  standpoint  were  carried 
out  in  Switzerland,  Scotland,  and  Wales  (cf.  p.  231).  In 
Germany,  it  was  not  until  Otto  Torell  had  broken  the  spell  of 
the  Drift  Theory  (1875)  that  an  active  impulse  was  given  to 
detailed  investigations  of  the  Pleistocene  deposits  on  the 
North  German  plains.  The  results  are  apparent  in  the  newer 
geological  maps,  which  show  the  great  diversity  in  the  lithologi- 
cal  character  and  age  of  the  deposits  belonging  to  this  epoch. 

The  discovery  of  glacier  scratches  on  the  Muschelkalk  of 
Rudersdorf  first  suggested  to  Torell  the  idea  that  an 
extensive  ice-sheet  had  covered  the  North  German  plain. 
German  geologists  have  since  demonstrated  the  occurrence 
of  similar  grooves  and  scratches  on  the  rock-floor  at  several 
localities  in  the  plain,  especially  in  Saxony.  The  sands  and 
gravels  and  boulder-clays  have  also  undergone  a  careful 
exploration  in  the  light  of  the  glacial  theory.  Structures 
identical  with  the  ground-moraines  of  recent  glaciers  have  been 
recognised,  and  the  pebbles  and  boulders  contained  in  them 
have  been  examined  with  reference  to  their  derivation  from 
Scandinavia,    Finland,    and   other   northern   territories.     The 
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It  is  impossible  to  enter  in  detail  into  the  important  results 
of  modern  investigation  of  diluvial  deposits,  the  more  general 
aspects  have  been  fully  treated  in  a  previous  chapter  (cf.  pp. 
220-239).  Many  of  the  questions  are  subjects  of  controversy  at 
the  present  time,  such  as  the  origin  of  the  Loess  deposits,  the 
number  of  distinct  Ice  Ages,  the  geographical  distribution  of 
glacial  formations,  and  the  age  and  significance  of  the  various 
pebble,  sand,  and  clay  formations.  Curiously  enough,  the 
youngest  of  the  geological  formations  was  the  last  to  be 
generally  understood,  and  its  scientific  investigation  is  a 
conspicuous  feature  of  the  present  phase  of  progress  in 
geology. 

The  question  of  the  age  of  the  human  race,  and  the  environ- 
ment of  early  man,  brings  geology  into  the  closest  relationship 
with  anthropology,  and  for  the  last  four  decades  geology 
has  done  what  it  could  to  assist  in  the  solution  of  the  great 
problems  associated  with  the  beginnings  of  human  life  upon 
the  earth's  surface. 


INDEX   OF  AUTHORS. 


The  pages  printed  with  full-faced  type  are  those  upon  which 
biographical  notices  of  the  respective  authors  appear. 


Abbot,  M.  L.,  211 
Abich,  W.  IL,  26s,  272,  346 
Acchiardi,  A.  d',  390 
Adams,  A.  Leith,  422 
Adh^mar,  J.,  237,  238,  291 
Agassiz,  Alexander,  251,  253 
Agassiz,  Louis,  149,  200,  221,  222, 
223,  224,225,  226,  227,  228,  231, 
251,  288,  366,  367,  376,  377,  378, 

390. 395»  410,  41 1»  412,  434i  479t 

530,  539 
Agricola  {vide  Georg  Bauer) 
Aiosworth,  248,  249 
Al  Mamiin,  12 
Al  Mansur,  12 
Albcrti,  F.  A.  von,  17,  454,  460, 

461,  462,  479 
Albertus  Magnus  {vide  A.  von  Boll- 

staedt) 
Aldrovandi,  Ulysses,  17,  128 
Alessandro  degli  Alessandri,  14 
Allport,  S.,  332 
Altmann,  221 
Alton,  d',  419,  423 
Amalitzky,  VV.,  458 
Ameghino,  Florentino,  423,  424 
Ammon,  L.  von,  392,  416 
Ampere,  167,  178 
Anaxagoras,  6,  163 
Anaximander,  3,  17 
Andrussow,  N.,  254 
Angelin,  N.  P.,  394,  447 
Angelot,  279 

Aoust,  T.  Virlet  d',  264,  344 
Arago,  D.  F.  J.,  65,  238,  300 


Archiac,  E.  J.  A.  d',  384,  508,  509, 
518,  519,  522,  523,  524,  528,  529 

Arduino,  G.,  37,  44,  46,  54,  60,  94, 
109 

Arg}'ll,  Duke  of,  270 

Aristotle,  7,  13,  186 

Artedi,  410 

Aubisson  de  Voisins,  J.  F.  d',  57, 
61,  loi,  143,  144 

Audouin,  von,  366 

Austen,  T.  and  T.,  393 

Avicenna,  Ibn  Sina,  13,  163 


B 


Babbage,  C,   141,  289,  290,  298, 

305,  321 
Baer,  K.  £.  von,  218 
Baier,  J  J.,  20,  21,  133 
Bailey,  A.,  216 
Bain,  G.,  417 
Bake  well,  R.,  144 
Balbini,  17 
Baldassari,  34 
Ballenstedt,  49,  78 
Baltzer,  A.,  185,  200,  358 
Baratta,  281 
Bargatzki,  391 
Barnard,  179 
Barrande,  J.,  391,  394,   399,  401, 

403,    404,  407,  443,  444,   445, 

446,  447 
Barrois,  C,  254,349,  359,  440,  45o» 

522 
Barrow,  John,  246 
Barrow,  G.,  360 
Basset,  C.  A.,  75 


INDEX   OF   AUTIIOBi 


Biibn,  r.  A-,  ]9t 

lUuch.  i«t 

Einci.  Cms  (AenoibX  15^  1&,  X4, 
Z41,  4«J5 

BaoliiB.  J.,  16 

Bam.  C.  KJ,  *1S.  4t<.  417 

BeuiaMM.  eiie  dc,  Ija^  177.  197. 
199.  aoB.  312,  »I5.  164.  365, 
*96.  299,  3«\  joi.  joa.  joj. 
305.  307.  30*  J»o.  353.  JSf 
4JJ,  460.  4O1.  477.  SM.  SOS. 
.  ST.  S"* 


Bchreiu,  II,.  ^3 

Bcllvvue,  Fleiuiu  tic,  123,  ji& 

Bcnsekc,  E.  W.,  450,  46;,  4'3', 


Bach"!,  K  ,  33U 

BnchnT.  K.  G.,   MT.  ><^.  ITO.  23>. 

202,  »t7.  aiS.  aiQ.  sw,  a3«. 

a«i.  J4^  J44.   254.  »7*  »»<• 

3»7.  J4J.  3*4.  J4*.  W.  J4S. 

3S4 
IbUDO,  A-,   400,   401.   49J.  4i>i, 
^496 
SUnvilk,  Dnnouv  ilc,  to.  jAt. 

JK.  ?«.»>.«*.  41  a.  iia 
BUke,  W.  !<..  19S 


.  M««.  171,  46J 
BUnlcMtl.  II.  F..457 
BUnbid,  W,  1.,  ao%  >35.  45: 


Bhimoilai*.   IIJ,   us.   t>i. 

^  1 94.  i;S.  >87.  363 

Bohm.  Cf-,  J9S.4<'f.S'3 

fcU.!inel.  IJI 

B3J,E..sii' 

BoIMac<ll,  A.  vnn  (AlVitut 

n.:,,  13 

Eonn.ird.  143.  4^^ 

I!onn=v,  T.  i...  2jt.  33^ 

lloni.l.ind.  Aiiij.'.'.j 

li.iricl.i-,  K.,  333 

l!..rn,  ifinii/u,,,.  41,445 

l(i.,v,  Jo  Si.  Vmconl,  _•  .4 

I!.„4uel,  J..40S 

Buui!,  Ami,  I  9.  afio.  270.  j^ij 

427.47^.499.  jir.  S^5-  5i' 

n.,u.d<.-i.  405 

lioMirlanW,  J.  S  ,  3^6 


INDEX  OF   AUTHORS. 


543 


Brocchi,  G.  B.,  95f  ^32,  526,  530 

Brodie,  E.  B.,  409,  479 

Broegger.   W.   C,   270,   314,   348, 

350.  35 1 »  362,  447 
Bromell,  Magnus  von,  116 
Brongniart,  A.  T.,  368,  369,  37© 
Brongniart,  Alex.,  48,  95,  104,  105, 
106,  107,  123,  143,  149,  188,  191, 
204,  225,  287,  300,  324,  325,  363, 
368,  376,  406,  412,  425,  428,  429, 

458,  499,  5i5i  526,  527,  S29 

Brongniart,  C,  409 

Bronn,  H.  G.,  148,  195,  364,  3^Sy 

367,  376,  377,  380, 416,  431,  432, 

438,  465,  466,  467,  472,  526,  S30, 

531,  538 
Brooke,  216 

Browallius,  286 

Bruce,  120 

Bruckner,  E.,  174,  211,  233,  234, 
295 

Brugui^res,  F.  G.,  131 

Bruno,  Giordano,  24 

Buache,  172 

Buch,  Leopold  von,  48,  56,  61 1  62, 
63,  64,  66,  67,  84,  85,  86,  90,  94, 
99,  118,  122,  124,  146,  188,  189, 
196,  225,  229,  230,  255,  256,  257, 
258,  259,  261,  262,  263,  264,  265, 
266,  269,  274,  277,  287,  289,  291, 
296,  298,  299,  341,  392,  394,  399, 
402,  403,  447,  452,  460,  464,  466, 
471,  472,  477,  478,  504.  505,  517 

Buckland,  William,  ii4|  141,  1481 
188,  189,  205,  208,  214,  228,  241, 
288,  297,  366,  416,  421,  426,  458, 
461,  469,  498,  526,  527,  538,  539 

Buckman,  S.  S.,  405,  510 

Buckmann.  J.,  479 

Bucking,  H.,  214 

Buffon,  G.  L.  Leclerc  de,  41,  42, 
43.  44,  59.  67,  79,  100,  109,  121, 
124,  135,  140,  141,  149,  168,  186, 
208,  213,  277,  291,  297,  352 

Bunsen,  R.  VV.,  154,  267,  327,  328, 

336,  346,  347 
Burkhardt,  227 
Burmeister,  II.  C,  199,  407,  413. 

423 
Burnet,  T.,  20,  28,  29,  32,  42,  76, 

109 

Burtin,  21 


Busk,  G.  A.,  398,  431 
Buvignier,  A.,  518 


Cacciatore,  282 

Cadell,  H.  M.,  315 

Camper,  Peter,  107 

Canavari,  Mario,  391 

Canu,  F.,  215 

Carnall,  von,  315 

Carnot,  234 

Carpenter.  Herbert,  394,  395 

Carpenter,   W.  B.,   162,  216,   382, 

348,  386,  393.  399,  400,  439 
Carter,  J.,  386,  391 
Cartesius  (z/«V/^  Descartes) 
Casiano  di  Prado,  450 
Castro,  Juan  de,  245 
Catullo,  T.  A.,  466 
Caumont,  de,  498 
Cavanilles,  A.  J.,  108 
Cayeux,  L. ,  440 
Celsius,  Anders,  62,  75,   116,  2S6, 

287,  291 
Chamberlin,  T.  C,  184 
Chambers,  R.,  287,  288 
Chamisso,  A.  von,  246,  247 
Chantre,  E.,  420 
Chapman,  P\,  133 
Charpentier,  J.  G.  von,  94,  103,  219, 

221,  222,  223,  224,  226,  227,  230, 

233.  237,  244.  459,  5 IS,  520,  529 
Charpentier,  J.  F.  W.  von,  38,  103 
Chenu,  J.  C,  401 
Chiaje,  dclla,  402 
Chladni,  E.  F.  F.,  164 
Church,  J.  A.,  333 
Clarke,  J.  M.,  400 
Collini,  A.  C,  133,  532 
Colonna,  Fabio,  19 
Columbus,  C,  12 
Conrad,  F.  A.,  441,  442 
Conte,  Joseph  le,  307 
Conwentz,  H.,  534 
Conybeare,  VV.  D.,  114,  115,  195, 

297, 302, 416, 426, 427, 429. 438, 

450.  453.  461,  497,  515.  516,  522 
Cook,  Captain  James,  246 

Cope,  E.  D.,  381,  382,  414,  416, 

417,    418,   419.   422,   423.    424, 
454 

1>^ 


54S                           INDEX  OF 

AUTHORS. 

Copctnicus,  N.,  13 

Dnulnfc,    G.   A..    i6s,    166,  W 

CoquanJ.  II..  4M.  S»4.  5^6 

201,    a",  279.   314.  3IS.  »'ft 

CMfla,  Augusl  J.,  309,  MS 

344.   345-  347.  354.  .ISS-  I?> 

Cordiet,  P.   I-  A..  49,   IJJ.   176. 

463                                                    ' 

164.  a77,  305.  325,  i'7.  Hi 

David«>n,  Thomas.  3/66,  399,  ** 

Cosmo  di  Medici.  la 

489,530 

Cosla,  0.  G..  411 

Davb,  W.  Morris.  1S4,  aio,  sjj 

Colta,  Bemhardl  too.  200,  369,  J17, 

Davison,  C,  113,  aSa 

„3S4.  355.  369.  474.510.51' 
Colteau,  Gu5lave.  396,  50S.  513 

Davy.SitHumphrcy.  177.  .78.P6 

D.iwkios.  Doyd,  421 

Coulon,  H.  de,  237 

D»w«™.s«j.w..24i.  nj.jss. 

Coii|ic,  104 

409,  414.  439 

Cramer,  J.  A.,  85 

Dayman,  216 

Crednci,  Hermann,  147,  36"    "'^ 

Defhen   H  von  2G3  270,  4 jo,  (6Ck 

414.  4S5 

Crochan,  lai 

Dc                6 

Cioiiet.  4Z0 

D          v>S 

Grill.  Jamra.  235,  ;36,   aj 

D   esse    A                           5     11& 

29Z 

M     3                  34      J4  .   34* 

Cionslcdl,  iza 

CtQss,  Whilman,  331 

D            us 

Curioni,  G.,471.493 

Desc     «   R  pi,          n  U\J9:. 

Cuvier.  Georges,  10,  48, 
r04,  105,  lolj,  107.  1 
127.   133.  134.  135,  I 


205,   20S,   ai3,  223,  aa 

3''3.    3^''.    3&7.  3("'9,  37 

j'J-',    300.   40^>  409.  41 
4rN,  419,  425 


n,,k,  T.  N..m 

Dalninn,  J    \V,,  joG,  407 

tJ[im^B,  W,,  ri7.  41K 

U-.mn.  J.  1).,  iSo,  1S4.  209 
250,  252,  251.  265,  a73 
2S9.  292,  304,  305,  306 
309,  310.  3^1.  347.  354 
443 


7.  a=S, 
-.65.  J99 


Darwiti.  C,  73,  74. 


INDEX  OF  AUTHORS. 


547 


Dujardin,  383 

Dum^ril,  399 

Dumont,  Andre,  449,  450,  451,  528, 

529,  533 
Duncan,  P.  M.,  390,  530 

Dunker,  W.,  366,  502 

Duperry,  247 

Dupont  £.,  417 

Durocher,  J.,  327,  342,  343,  347 

Duthiers,  Lacaze,  390 

Dutton,  C.,  184,  207,  210,  214,  273, 

274,  282,  322 

Duval-Jonve,  406 

Dybowski,  390,  398 


Eaton,  A.,  441 

Ebel,  J.  G.,  91,  92,  93,  94,  208,  296 

Ebert,  H.,  163 

Ebray,  Theophile,  304 

Eck,  Heinrich,  147,  463 

Egerton,  Grey,  411 

Ehlers,  397 

Ehrenberg,   C.  G.,  67,    146,  216, 

243,  244,  248,  249,  326,  383,  385, 

388,  389,  397 
Ehrhardt,  B.  (Erhart),  21,  405 
Eichwald,  532 
Emmons,  Ebenezer,  422,  441,  442, 

443,  444,  445 
Emmrich,   H.   F.,   214,  406,  407, 

44S»  467,  468,  470,  471,  473,  479, 

488 
Empedocles,  5 
Endlich,  274 
Engelhardt,  von,  86 
Engler,  254 
Eratosthenes,  7,  8 
Escher  von  der  Linth,  Arnold,  149, 

296,  525,  528,  535 
Escher,  Hans  Conrad,  90,  91,  296 
Eschscholz,  246,  247 
Esmarch,  Jens  (Esmark),  89,  118, 

230 
Esper,  J.  F.,  135,  205,  388 
Etheridge,  Robert,  395,  396 
Ettingshausen,  Baron  C.  von,  372, 

373»  374 
Everest,  R.,  211 

Ewald,  Julius,  523 


Fabricius,  David,  156 
Falb,  Rudolph,  283 
Falconer,  Hugh,  421 
Falkner,  121 
Faloppio,  Gabriel,  16 
Fantonetii,  G.,  176 
Faraday,  M.,  234 
Farey,  114 

Faujas  de  Saint- Fond,  46,  60,  loi, 
106,  107,  108,  114,  122,  123,  126, 

132,  133,  ^3Sf  277>  325,  532 
Faure-Biguet,  405 

Favre,    Alphonse,    149,   203,   233, 

304,  314,  315,  525 
Faye,  H.,  155,  157,  170,  171,  i74 
Fayol,  H.,  242 
Felix,  J.,  274,  390 
Fellenberg,  E.  von,  185 
Ferber,  J.  J.,  41,  88,  122 
F^russac,  J.  A.  de,  106 
Fichtel,  T.  E.  von,  88,  89,  124,  128, 

140,  219,  298,  383 
Filhol,  H.,  414,  420 
Fischer,  P.,  177,  401 
Fisher,  O.,  180,  213,  277 
Fitton,  W.  H.,  498,  511,  516,  521, 

522 
Fitzroy,  Captain,  290 
Fleming,  J.,  392 
Flinders,  246 

Flower,  Sir  W.  H.,  419,  421,  423 
Flurl,  Mathias  von,  87 
Fotterle,  Franz,  472,  474,  482,  494 
Forbes,    Edward,   270,   271,    366, 

377,  394*  395,  396,  510,  511,  530 
Forbes,  J.  D.,  227,  228,  229,  234, 

289 
Forchhammer,  G.,  150,  218 
Fornasini,  Carlo,  384 
Forskal,  Peter,  245 
Forster,  J.  Reinhold,  181,  246,  247 
Forsyth -Major,  C.  J.,  422 
Fortis,  Alberto  G.  B.,  94,  128 
Fougt,  129 
Fouqu^,    F.,  26s,    267,    333,    334, 

335,   33^y    337,   338,   339,   340, 

345,  347.  348 
Fourier,  166,  279 
Fournet,  J.,    327,   342,    343,   347, 

355,  450 


■t 


f 


(J  n 


'.  . 


-/^.  4>4»  455 

Goe 

Fre>'cinet,  247 

Gok 

Frilsch,  Anton,  414 

39 

Fromentel,  E.  de,  389,  508 

53^ 

Fuchs,  C.  W.   C,  266,  281, 

285, 

Goss4 

344 

Grah; 

Fuchs,  J.  Nepomuk,  166,  167, 

342, 

Grant 

354 

Granc 

Fuchs,  Theodor,  537 

Grant 

Fuchsel,  G.  C,  36,  37,  38,  44 

,84, 

Gras, 

109,  296,  425,  453,  455,  459 

Gratio 

Fiirbringer,  M.,  418 

Gray, . 
Green, 

G 

Greene 

Greene 

Gaimard,  247,  248 

Gressly 

Galeotti,  H.,  528 

Griesba 

Galilei,  156,  161 

Grieseb 

Gar  not,  248 

Griffith, 

Garriga,  J.,  121 

Griindle 

Gastaldi,  B.,  235 

Gruithui 

Gaudry,  Albert,  381,  382,  410, 

416, 

Gruner, 

419,  420 

Gumbel, 

Gecr,  G.  de,  288 

242,2 

Geikie,    Sir    Archibald,    174, 

185, 

456,4 

207,  211,212,213,231,233, 

234. 

481.4 

236,  238,  266,  270,  271,  272, 

.332 

492,  4 

Geikie,  James,   185,  233,  234, 

235, 

Giinther 

236,  238,  272,  282,  288 

Guettarc 

Geinitz,  11.  B.,  367,  380,  387, 

391, 

102,  I 

453,  454.  455,  519.  521,  522, 

523 

389 

Gcissler,  330 

f^iii-kt%.- 

Gcnsanne.  I7fi 

INDEX  OF  AUTHORS. 


549 


Hagenow,  F.  von,  395,  398 

Hague,  A.,  332,  445 

Haime,  Jules,  384,  389,   390,   398, 

528,  530 
Hall,  James,   305,   321,   389,  391, 

393»   394,   395»   39^,   398,    400, 
401,403,  441,  442,443 

Hall,  Sir  James,  67,  73,   74,   99, 

100,  I2S,  225,  314,  347 
Hamilton,  Sir  William,  45,  96 
Hamilton,  William,  114 
Hamilton,  W.  J.,  533 
Hancock,  A.,  399 
Hann,  J.,  174 
Harker,  A.,  332 
Harkness,  R.,  315 
Harlan,  ^08 
Harriot,  156 
Hartley,  C,  17 
Hartung,  G.,  190,  265 
Har^n-al-Raschid,  12 
Hauchecorne,  W.,  146 
Hauer,  F.  von,  469,  470,  472,  474, 

475.  485,  494,  5I2»  531 
Haughton,  S.,  183 

Haushofer,  K.,  333 

Hausmann,  F.  L.,  118,  447,  460, 

502 
Hauy,  R.  J.,  123,  325 
Hawkins,  T.,  416 
Hawn,  454 
Hayden,  V.,  207,  273 
Hubert,  E.,  513,  522,  523,  524,  53© 
Heer,  Oswald,  232,  235,  251,  371, 

372,  373,  374,  535»  53^ 
Heim,  Albert,  185,   198,  203,  21 1, 
233,  234,  283,  312,  313,  314,  31,5, 

358 
Heim,  J,  L.,  83,  84,  296,  298 
Helland,  A.,  185,  233,  272 
Helmert,  F.  R.,  174 
Helmholtz,  H.  von,  153,  154,   169, 

234  . 
Heraclitus,  4,  5,  6 

Hergesell,  II.,  174 

Hermann,  133 

Hermelin,  S.  G.,  117 

Herodotus,  3,  4,  12S,  1S6 

Ilerschel,  Sir  J.,  238,  305 

Herschel,  Sir  W.,  156,    158,    159, 

160,  166 

Ilcrtle,  L  ,  4S3 


Hesiod,  3 

Heusler,  254 

Hiarne,  Urban,  115,  116,  286,  291 

Hicks,  H.,  439,  444 

Hincks,  398 

Hinde,  G.J.,  366,  388,  397 

Hirzel,  203 

Hise,  C.  R.  van,  439 

Hisinger,  W.,  117,  214 

Hitchcock,  C.  H.,  442. 

Hochstetter,   Ferdinand  von,    149, 

280 
Hoernes,  R.,  280,  284,  381,  401, 

450,  469,  496 

Hoff,  C.  von,  187,  188,  192,  196, 
208,  212,  258,  266,  280,  281,  287 

Hoffmann,  A.,  420 

Hoffmann,  F.,  178,  263,  264,  267, 
280,  283,  290,  302,  353,  460, 
502,  517,  523,  S30 

Hohenegger,  L.,  512,  526 

Holloway,  34 

Holm,  G.,  392,  447 

Holmes,  W.  H.,  274 

Holmstrom,  Leonhard,  295 

Hoist,  N.  O.,  23s 

Home,  Sir  E.,  133 

Hon,  le,  238,  393 

Hooke,  Robert,  19,  20,  32,  109,  297 

Hooker,  Sir  Joseph,  216 

Hooker,  W.,  194 

Hopkins,  W.,  167,  178,  179,  303 

Home,  J.,  360 

Horner,  L.,  190 

Hottinger,  220 

Houghton,  332 

Howard,  J.,  164,  165 

Howorth,  Sir  Henry,  233,  292 

Muggins,  Sir  William,  159 

Hugi,  F.  G.,  221,  224 

Hulke,  J.  W.,417 

Hull,  E.,  233 

Humboldt,  A.  von,  48,  56,  61,  62, 
64,  65,  66,  67,  79.  84,  90,  92, 121, 
124,  173,  174,  176, 177.  181,  182, 
183,  188,  189,  196,  223,  238,  254, 
255,  258,  261,  265,  266,  274,  275, 
277,  280,  281,  289,  296,  341,  425, 

427,  499 
Humphreys,  A.  A.,  211 

Hunt,  T.    Sterry,    169,    179,    180, 

202,  254,  355 


550 


INDEX  OF  AUTHORS. 


Mmtoo,  James,  4S,  67,  fig.  ^1  7", 
71.  72.  7J.  74.  75.  77.  79.  l™, 
US.  114,  125, 144,  149, 17s,  iSi, 
186,  196,  308,  Z41,  J57, 159,  270, 
29'.  298,  324,  317.  3M,  346.  3S3, 
3SJ 

Ilutlon,  W.,  369 

Huxley,  Thomu  It..  74.  194.  iiG. 
37S.  3S1. 385.  406.  40S.  413. 414, 
4"S.  417, 4'9,  4»3 

HuygbciH,  160 

Uyall,  Alpbcul,  403,  404,  40; 

1 

li3.!inE!,  J.  P.,  274,  3]z,  347.  348, 

349.  35' 

J 
Jackson,  R.  T..  401 
Jaeger,  G.,  4I3,  416,  419,  410 
Jackcl,  O..  394,  411 
Jameson    R.,  S7,   llj,    144,   150, 

270.  288 
Jefi«.o,.,  Ijn    .'. 

Jolinslonc,  .i^.i..,  ./ 
Johnston-Lavii,  H.  j" 
Jones.  K.,  3S4,  3S6 
Jurltl,  W.,  zG7,  271 
Jukes,  B.,  209 
Julien,  A.  A,,23S, 
Junchuhn,  F.,  26^ 
Jussicu.  Anioine  J. 
Jusl.,  J.  H.  G.  vop 


:7j,  J 


'.19 


.,  Ss,  I 


Kaiiiinsky,  A.,  455 

Karhlcn,  I).  1..  (;.,  ^. 

Kau|i,  J.  T..  419.  42a 

Kd,y-«,  Kriiiimmrci,  TJ7,  295,  447 

Kefersk.m,C..  124.4=7,4^1,  5^5 
lvL-fi-i-,lcin,  W.,  401 
Ki:illiack,  K  ,  nj,  2f>7 
Krllli.ii.,  II.  M.,i5.>,;H7.  5,|j,  j,[. 
,.35;.  ,i54,- 


KiDg,  CUieocc,  I 

King,  W.,  274,  31^  3S6,399k«l,,J 

439. 456  I 

Kuchei,   AUumdni,    17,  24,  tiA 

"S,    "8.   >34.    17a.   176.   lSl,.| 

1S3.  *77.  29" 
Kirchboff,  A.,  1541  1$^,  157.  174 
Kiichnnier,  Selailttn,  17 
Kiiwaa,  R.,  69,  75.  114,  140,  141 
KitchiD,  F.  U,  513 
Kiltl,  E.,  493 
KJCTulf,    T..    isa   231.   "fiji  : 

34«,  355-  447 


',  J.. 


Klein 

v«».5J7 

Klein 

C-.3J1 

KldD 

D.,  334 

Klein 

Hcnil^n. 

62 

Klein 

J.  T..    21 

'27. 

3^  }M 

395 

Klement,  333 

Klipsi 

eiD.  A.    -ron 

.  269, 

387.  *»' 

467,  483.  533 

Kluee 

Emtl.  280 

KUnz 

nger,  24.^ 

Kncr, 

Knippmi;,  jSi 

Kn..<t 

Ucnrg   W 

0lf-..fJg 

125 

129,  405 

KnuLl 

iSd 

Koby 

F.,3S.j 

Koch, 

C    L.,  J09 

Knch, 

K,,  ;oj 

Koch, 
K.ihlc 

K.H.-TH 

i.'a,' vt):i,  I 

47,  401 

4i^ 

K.ilicn 

t:..  41^.  4iO,  40} 

Konin 

k,    I.,   C.  , 

■^,  3S9, 

W_v  4  so. 

451 

45^ 

K.,1.1, 

Jim.ljl.o,  2 

^.^Ss 

Kuiii' 

K;.>iva 

wsky.  W., 

424 

Kraii55 

v.,  zU> 

Krejd 

447 

K.ies, 
KrdKt 

2S0 
J.  C,  31 

Krirn-in 

.1,  1N3,  =, 

Kiihn, 

K.  A..  17.- 

20S 

Kulin, 
Kuii.lii 

I!,    r.,    221 

KunLh 

.v.,  3'« 

INDEX  OF  AUTHORS. 


5St 


Lacaze-Duthiers,  390 

Lac^p^de,  410 

Lacroix,  A.,  335,  336 

Lagorio,  A.  E.,  349 

-Lahusen,  J.,  SI3 

Lamanon,  103 

Lamarck,  J.   B.   de,  48,  95,   106, 

127,  131,  149.  363*  367.  375» 
376,  383*  3S8,  399»  401,  402,  526 

Lamouroux,  J.  F.,  388,  397 

Lancisi,  16 

Landgrebe,  G.,  265,  280 

Lang,  NikoIau9,  17,  18,  128 

Lang,  Oscar,  170,  334 

Lange,  H.,  173 

Langer,  J.  H.  S.,  85 

Lankester,  E.  Ray,  366,  375,  384, 
398,  401 

Lapeirouse,  Picot  de,  102 

Laplace,  P.  S.,  64,  75,  79,  80,  81, 

153.  154,  I55»  164,  166 
Lapparent,  A.   de,   182,  183,  200, 

212,  213,  242,  269,  459 
Lapworlh,  C,  359,  360,  366,  391, 

392,  444,  447 
Lartct,  E.,  414,  420,  539 
Lartet,  L.,  219 
Lasaulx,   A.   von,   266,   2S2,  283, 

331,  334 
Lasius,  G.  S.  O.,  81,  357 
Laspeyres,  H.,  329,  452 
Laube,  G.  C,  401,  403,  483 
Laurin,  von,  163 
Lavoisier,  A.  L.,  39,  104 
Lawson,  A.  C.,  332 
Lean,  176 

Lehmann,  Johann,  355,  359,  361 
Lchmann,  J.  G.,  35,  36,  38,  44,  82, 

84,  109,  140,  296,  453,  455,  459 
Leibnitz,  19,  27,  28,  32,  33,  42,  76, 

124,  205,  297 
Leidy,  J.,  416,  422 
Lemery,  44 
Lemoine,  V.,  420 
Lendenfield,  R.  von,  3S8 
Lenk,  IL,  274 
Leonhard,  C.  C.  von,  49,  147,  325, 

341,  459 
Lepsius,  R.,  251,  463,  493,  533 

Lersch,  li.  M.,  200 


Leske,  N.  G.,  127,  130 

Leslie,  184 

Lcsquereux,  Leo,  240,  372 

Lesson,  248 

Leucippus,  5 

Leuckart,  R.,  392 

Leverrier,  159 

Lewakowsky,  J.,  185 

Leymerie,  A.,  480,  518,  528 

Lhuyd,  Edward,  17,  18,  133,  406 

Lichtenberg,  178 

Lidholm,  J.  S.,  1 16 

Lill  von  Lilicnbach,  K.,  465,  470, 

471 
Linck,  G.,  133 
Lindley,  J.,  369 
Lindstrom,  G.,  150,  390,  394,  398, 

447 
Link,  H.  F.,  264 

Linnarsson,  G.,  447 

Linne,  C.  von  (Linnxus),  22,  62, 

75,  116,  117,  129,  286,  406,  410 
Lipoid,  v.,  447,  470,  482,  483 
Lister,  Martin,  17,  44 
Livingstone,  D.,  197 
Lockyer,  Sir  Norman,  157,  166 
Logan,  Sir  William,  234,  242,  356, 

386,  439,  443 
Lomas,  272 
Lommel,  364,  466 
Longueil,  121 
Lonsdale,  W.,  389,  397,  398,  434, 

435,  436,  498 
Loretto,  121 

Loretz,  H.,  492 

Loriol,  P.  de,  211,  394,  401,  508 
Lortet,  420 
Lory,  C  ,  304 

Lossen,  K.  A.,  356,  357.  358,  359, 
447 

Loup,  533 

Luc,  Jean  Andre  de,  48,    49,  75, 

1^^.11,  91,  128,  140,  225,  405 
Lucilius,  10 
Ludwig,  II.,  393 
Lutken,  C.,  393 
Lulofs,  172 
Lund,  P.  W.,  423 
Lydekker,  R.,  410,  414,  416,  417, 

419,  421 
Lyell,   Sir  Charles,    72,    I46,    17S, 

188,  189,    190,    191,    192,    193, 


INDEX   01-'   AUTlIOkS. 


194,   195.    196,    197.    '99, 

aoo. 

Mayet.  K    tS4.  53^.  537 
Mayer,  Tobun,  i6r 

Z04,   207,   zoS,   211,   215, 

21s, 

a30,   aji.   233.   ajS.   237. 

«J8. 

M^uricr.  .M 

a40,   2<2,   148.   249.   »59. 

^3. 

Medlicoit,  \l.   IL,  ato,  ait,  JN^ 

aSs.  877.  iSs,  a87,  aSa. 

1S9, 

457 

190,   291,   297.   298,   30*. 

32". 

M«k,r.  »,.454 

3S3-   37S,   430.   431.   43^- 

438. 

MehriDg,  A  .  9 

^44.   5"'.   S^r    528,   530. 

535. 

Mcndclcjf If.  aw 

S3S 

Meinii.  Mkhac.  16 

Mcrian.  I'ciw.  296.  4M.  4M  47'- 

M 

473.  474,  479.  4'n.  501 

MacCny.  F.,  389,  39S,  401 

4"7. 

MfirUni,  J.,  4<6 

444.  45" 

Mclherie.  dc  U,  48,  49.  75.  T7  A 

MacClloch.  Jolm,  H3,   1 15 

*ro. 

103 

28S.3SS 

MtHniet.  r.  409 

M3cr.ee,  184 

Mcunirr.  SUnislas.  165,  237 

Mnckemie,  G.  S..  267 

MeanicT'Cluliiiat,  843,  3S4,  404 

M.iclure,  W.,  110 

Meyer,  H.  ron.  36S,  366.  385.40$. 

Midler,  ISS.  160 

411,  413,   414,  415.   416,    411. 

M:^an,  304 

430.  423.  S36 

Maillel,  de,  32,  59,  77,  21j3 

^'3. 

Miall.  L.  C  ,  4'4 

21$.  291 

Michel-Uvy.   A.,   334.   335-   J)* 

Mnlcsherlrf?,  39 

337,   338.   339.    340.    345.    3-ir. 

Mallei,  K„l„...i,  Ifi9,  i;o,  ;;(" 

i4S 

2Si.  sSj,  2^4 

M;cli.U».  1!,,  ;W-.  ;.>: 

Malk-t,  1.  W.,  jSi,  iS3 

Michdl,  h.h».  4*;,  5^..  ;i? 

MamkUlohe.  O.nmi  von,  i;j7 

Michel..^;,  3>.4 

Mamdl,G.  A,,36(i,  3^u.>J5 

Mibschc->jf.,  i.yi 

416,  i;ts.  =;j6 

Miller,  ilai:li,  ;:6 

Mariscliiiii,  a(>6 

Milkr,  J.   S.,    r,;.j.  39J,    ,;i!    40;. 

Marcel,  2lS 

"ijT 

Maicijii,  Jiilts,  441.  414.  4i4 

Jlil!-.  A,.  ir4 

4Sf.  SO*).  ■;'".  .'iM 

MiluL',  [  ,  rS.j,  .-;;,  i^.'ij 

Maick,  \V.  1».  v-riiier,  411 

MJin>.-.T-:-l>.,ii  !.,  A..  iiS 

MarRctic.  K.  .Ic.  1S5,  3:1 

M.Int-  K.hi.ii.l-,  l!..l.;i.  j'"i,389, 

Mariuilo.  I^S 

300,  -,07.  _;nS,  i;., 

Marny.  dc.^ji 

M.,d.insK..   iS<,,  .in 

Marr,  I.  K..^!? 

M..1I,T,  V    vnn,4;; 

Mnt^li;  0.  C  ,  41S,   416,  4r; 

11^, 

\T.,h..,  H.,  jSS 

^■■■,  A22,4^.i  ■ 

Ma-ul,  ]■    A  ,  ;</. 

M..h.;  K.  .11 

Marlin,  J..  4S.>.  ^ii", 

M,,j-i,..v,cs  v,„>  M.,j-.,H,    1:..  2r.;. 

Ma.lin..C,%^'/ 

::;'>.   2f-}.    31S.   40;,    411;,   -i^i 

MsiUlync.  N.  SCri,  17^ 

4''\.    4^5.    4>""'.    4'^7.    4'-\    4^'. 

M.is>.ili.ii!:o,  A.,  ,i7-'.  ,;07 

4'K'.  49--;  4'i5.  4'/',  4'-7.  >>.; 

lXl)i;\    ul"    AUTHORS. 


_"^  ?  .^ 


Moore,  J.  C,  235,  396 
Morlot.  A.  von,  231,  469,  538 
Moro,  A.  Lazzaro,  31,  32,  45,  291, 

297 
Moriillet,  G.  de,  233 
Morton,  S.  G.,  401 
Moseley,  390,  391 
Miiller,  Johann,  385.  393,  395,  401, 

411,412 
Munster,  Count  G.  zu,  365,  3^^* 

393»   406.   409.   4",  4i7i    466, 

467.  483.  525.  527,  534 
Murchison,  Charles,  421 

Murchison,  Sir  Roderick,  146,  189, 

208.   230,    231,    288,    296,   425, 

432,  433.  434,  435»  436.  437, 
438,  441,  442,  444.  447,  448, 
449,  450,  454,  455.  461.  464, 
466,  469,  471,  479.  525,  527 

Murray,  Sir  John,  180,  182,  184, 
216,  217,  245,  2W 

Muschketow,  J.,  1S5,  281 

Mylius,  G.  F.,  34 


N 


Nansen,  Fridijof,  233,  234 

Nasmyth,  162 

Nathorst,  A.    G.,    150,   392,   439, 

447 
Natterer,  254 

Naumann,  C.  F.,  147,  19S,  280, 
281,  283,  287,  297,  327,  355, 
520 

Naumann,  E.,  273,  282 

Necker,  L.  A.,  270 

Needham,  33,  34,  297 

Neison,  162 

Nelson,  R.  J.,  249 

Neumayr,  M.,  149,  214,  238,  381, 
402,  403,  404,  513,  514,  526 

Newberry,  S.,  209 

Newton,  E.  T.,  416,  418 

Niccolini,  A.,  290 

Nicholson,  11.  A.,  366,  375,   380, 

390,  391,  398,  410 
Nicol,  W.,  326,  328 
Nicolet,  C,  227 
Nikitin,  S.,  513 
Nitsche,  398 
Nodot,  423 
Kotling,  K.,  236,  513 


Nordenankar,  295 

Nordenskiold,  N.  A.  E.,  150,   166, 

233 
Nordmann,  A.  von,  422 

Nose,  C.  W.,  123 


O 


Ochsenius,  Carl,  220,  242,  254 
Oehlert,  D.,  450 

Oeynhausen,  C.  von,  270,  460,  532 
Ogilvie,  M.  M.  (Mrs.  Gordon),  391, 

492,  513 
Oken,  376 
Oldham,  R.  D.,  236 
Oldham,  T.,  209 
Olivi,  16 
Omalius  d'Halloy,  J.  d*,  106,  'o7, 

144,   429,   450,   451,   454,   509, 

515,  526,  527 
Oppel,  A.,    148,   478,   479,   508, 

509,  510.  5",  512,  513 
Oppenheim,  P.,  409 
Orbigny,  A.  D.  d',   197,  244,  365, 

367.    378,   380,    383,   384,    387, 

394,   396,   397,   398,   399.    401. 

405,  406,  506,  507,  508,  509, 

518,   521,   522,   523,   524,    525, 

530,  531,  534 
Osborn,  H.  F.,  382,  424 

Oschatz,  328 

Otto,  182 

Owen,  Sir  Richard,  366,  367,  375, 
377,  399,  400,  402,  406,  409,  410, 
413,  415,  416,  417,  418,  421, 
423,  5",  530 


Packe,  Christopher,  35 
Palassou,  Abi>e,  102,  103 
Palissy,  Bernard,  18,  132 

Pallas,  P.  S.,  49,  50.  5^-  52.   53. 

59,  119,  121,  134,  140,  181,  206, 

296,  298 
Palmieri,  L.,  266 
Pander,  C.  H.,  397,  411,  419,  447 
Paragallos,  32 
Paramelle.  200 
Parker,  W.  K. ,  384,  3S6 
Paikinson,  James,    127,    128,    129, 

I3<^,  386,  389,  405 


SS4 


INDEX  OF  AUTHORS. 


I'airy,  Captain,  l]0 

railach,  S.,  165,  531 

pBWjUier,  Li:<.ii  du,  185.  ajj 

pAtrin,  III 

I'avluw,  A.,  513 

P»vl„w,  M.,  433 

Peach,  B.  N.,  360,  409 

}'ea.]e,  R.,  isi,  374 

Pcncali,  Mstiaii,  269 

Pcnck,  A.,  1S5,  204,  31  [,  313,  331, 

334.  335.  aj8.  ^93,  *9S 
PcnnATll,  114 
Peion,  A.,  W 
Perrauilin,  336 
Vttiey,  Alcils,  iBi,  1S3 
Prachel,  O.,  173.  174,   183.   185, 

Fctermann,  A.,  173 

Peters,  K.,  4*3 

Peltcrsen,  K.,  337.  »S8 

Pfaff.  F.  A.,  313.  276.  3r4 

Pfiienmayer,  W.,  505 

PhiUlipi,  R,  A,,  341. 

rhilipiiion,  A.,  2l.f 

I'hiUips,  lohli,  157,  ;l'i'7.  401,  4'Mi, 

407.  436.  4St.  45*^^  4''l.  4''^ 
rhilli{.s,   Willi.im,    III,   207,   416, 

427,  429,  43)(,  450,  453,  -ioj,  S^2 
PhiloUus,  j 


53" 


I'll 
rieblpi 


159 

r.  A.,  474.  475.  476. 

!■■.  J.,  99,  366,  4'5i. 


4R,, 


Pietli:,  K.,  SOB 

Pilar,  G.,  *j8,  aS^ 

Pilk.  U,  Jfi7 

I'lsnehus,  Janus,  I3H 

Pbirj,  6 

I'ldj^rAir.  Jolin.  63,  67.  7ji  74,  7<;, 


Plitniflc'T.  l''i.'li",  416 


r.mini:,  l"i  ai" 
I'nhlij:.  J9S,  4*0 

r'r.i,5'iii,  ifrfi,  17s,  iW 


Pompoeti.  ].  F.,  514 
FoDloppidia,  End).  I17 
Ponloclt,  J.  e.,  391.407 
r<MtuIb,  316, »; 
I'oirell.  J.  W..  1S4.  3U7.  *».  m 

3U,  374 
Piado,  CU'lano  da.  450 
P«ti,  E.,  390 
Freilwich,  Sit  ].,   KM.  tSS,  jnj, 

529.  5J?  ^     , 

159.    164.  316s.   »77.   je*  *»J. 
30t.  iOJ.  5*9.  SJ' 
Probsl,j..s3; 

PfOClOC,   163 

PlDSI,  E.,  368 
Posch,  G..  387 
TynxA,  Mi 
Pylhagon*,  (,  5 


Qiicrwledi.  F.  A,,  148,  354.  J 
3^7,  jSo,  jS?,  390,  iTi.  < 
404,  400,  407,  4J0,  4')l,  4 
479.  505.  50''.  50S1  5J7 

Qiiny,  247,  241 

R 


Kiunier   Kail  *  n   W 
K  1   Jrihn,  17    19    II   41a 
1  Tiim  wsky   L  uni   91    ] 
Kode.  MclLud.  iiif,  321, 
K&liis,  Kllsi'i.-.  174 
Reich,  ¥..  176 
Rc'iclu'nli^irli.  C.  voii.  i!>^ 


INDEX  OF  AUTHORS. 


555 


Rendu,  Canon,  226,  228,  234 

Kenevicr,  E.,  401,  525 

Rengger.  A.,  499 

Kennic,  R.,  240 

Reusch,  Hans,  236 

Reuss,  August   E.,  383,  384,  386, 

387,    389.   398,   401,   408,   521, 

525*  531 
Reuss,  Franz  A.,  41,  57,  88,  142, 

I43»  172 

Reye,  157 

Reyer,  E.,  179,  266,  267,  269,  278, 
279,  280,  316,  322,  323,  346 

Riccioli,  von,  172 

Richardson,  Rev.  B.,  no 

Richardson,  William,  114 

Richter,  C  F.,  172 

Richter,  R.,  391 

Richthofen,  Baron  F.  von,  147, 
181,  185,  199,  203,  212,  213, 
250,  269,  270,  350,  373,  474, 
475.  476,  477,  478,  481,  482, 
485,  487,  488,  491,  492,  525 

Riess,  J.,  170,  179 

Riolan,  134 

Ritter,  Carl,  178,  181,  183 

Rive,  de  la,  178 

Robert,  E.,  287 

Robertson,  511 

Roche,  C.  la,  460 

Roemer,  Ferdinand,  147,  364,  393, 

394»  395.  AoS,  448,  449»  453.  4^3 
Roemer,    Friedrich   A.,   387,  390, 

448,  502.  519,  520 

Roger,  O.,  419,  420,  498 

Rogers,  H.  D.,  296,  304,  309,  357, 

442,443 
Rohon,  J.  v.,  397 

Rohrbach,  C.  E.  M.,  334 

RoUand,  G.,  198 

Rominger,  398 

Rose,   Gustav,  67,   146,    165,   327, 

344 
Rosenbusch.    II.,    147,    331,    334. 

335.  336,  337,  338,  339.  34o, 
341,  346,  348,  351,  360,  361 

Rosenmuller,  135 

Rosinus,  21,  129 

Ross,  J.  G.,  230,  251 

Rossi,  M.  S.  di,  281 

Roth,  Justus,  170,  218,  266,  277, 
328,  347.  348,  358 


Roth,  Santiiigo,  199 

Rothpletz,  August,  314,  323.  493 

Rouault,  Marie,  407 

Rouclle,  40,  41 

Rouville,  P.  de,  450 

Rowney,  386,  439 

Rubidge,  209 

Rue,  W.  de  la,  162 

Rudemann,  R.,  392 

RUppel,  405 

RUst,  D.,  385 

RUtimeyer,  L.,  185,209,210,211, 

419.  421 

Runeberg,  E.  D.,  286 
Rutherford,  162 
Rutley,  F.,  332,  336 


Sacco,  F.,  401 

Saemann,  L.,  404 

Sainte-Hilaire,  J.  G.,  366,  376 

Salomon,  W.,  362,  493 

Salter,  J.  W.,  395,  401,  406,  407, 
408,  438,  444 

Sampson,  Vaughan,  114 

Sandberger,  Fridolin  von,  401,  449, 
462,  463,  482.  533,  535 

Sandberger,  Guido  von,  449 

Saporta,  Marquis  G.  de,  373,  374 

Sapper,  K.,  275 

Sars,  M.,  393 

Sartorius  von  Waltershausen,  237, 
266,  267,  289,  346 

Saussure,  II.  B.  de,  48,  49,  52.  53> 
54,  55.  59.  89,  90,  91,  94,  122, 
128,  138,  140,  181,  203,  208,  221, 
224,  225,  270,  296,  327,  366 

Sauvage,  Boissier  de,  102,  518 

Say,  392,  394 

Scacchi,  Angelo,  266,  290 

Schaffgotsch,  333 

Schafhautl,  Emil  von,  148,  166,  167, 

243,  342,  473,  474 
Schapelmann,  J.,  25 
Schardt,  Hans,  525 
Scharenberg,  391 
Schaub,  J.,  268 
Scheerer,  T.,  326,  342,  343.  344, 

354 
Scheiner,  156,  158 

Schenk,  A.,  373,  374,  3S0 


.,  ..^,  i^7,  129,  363,  367, 

3S0,  405 
Schluter,  C,  390 
Schmeiling,  P.  C,  205,  420 
Schmidc,  J.  H.,  163,  292 
Schmidt,  F.,  448 
Schmidt,  Jalios,  162,  283 
Schmidt,  Oscar,  387,  388,  394 
Schroter,  Hieronymus,  125,  160, 162 
Schropp,  464 
Schabert,  G.  II.,  166 
SchutEc,  452,  453 
SchuUrc,  F.  E.,  130,  388 
Schaltze,  Ludwig,  393 
Schulz,  G.,  450 
Schuster,  M.,  331 
Sch wager,  Conrad,  384,  396 
Schweinfurth,  G.,  364 
Scoresby,  W.,  230 
Scouler,  40S 
Scrope,  G.  Poulett,  208,  259t  260, 

261,  262,  263,  265,  266,  269,  277, 

279,  289,  298,  341,  347,  352,  355 
Scudder,  S.,  380,  409 
Secchi,  A.,  157,  158 
Sedgwick,  A.,  141,  208,  259,  296, 

315.   357,   376.   432.  433.  434. 

435»  436,  437.  438,  44  ^  442,  444. 

449,  450,  464,  479.  498,  527 
Seebach,  Karl  von,  266,  281,  282, 

284,  401 
Seeley,  II.  G.,  416,  417,  418 
Sefslrom,  G.,  225,  2?o 


Smi 
Sniil 
II 

14 

46 

Smitt 

Somn 

Solda. 

SoUas 

Solms 

Sorby, 

336, 
Soulav 

109 

Sowerb 

526 

Sowerb] 
Spada,  ; 
Spallanz 
278,2 
Spencer, 
Sprengel 
Springer 
Stache,  ( 
Stapff,  F 
Stark,  T 
Steenstn 
Steffens, 
Steindac 
Steining< 
Steinmai 
Steinmnr 


INDEX   OF  AUTHORS. 


557 


Stralx),  8,  31,  32,  128,  181,  186,  290 
Strachey,  John,  34 
Strange,  J.,  46 
Strangways,  119,  447 
Streng,  A.,  333,  346 
Strickland,  H.  E.,  461,  479 
Strove,  H.  H.  von,  390 
Studer,   Bernhardt,  149,   174,  224, 
269,    296,    298,    302,    313,    353, 

479.  525,  528,  535»  536 
Stiibel,  A.,  275 
Stiitr,  A.,  163 
Stukeley,  W.,  46 
Stor,  Dionys,  453,  470,  478,  482, 

489,  490,  491,  494,  495,  512 
Suess,  Eduard,  149,  151,  267,  277, 

280,    284,   285,    290,   292,   293, 

294.    295,   307,   308,   309,    310, 

3".  312,  313.  316,  317,  319. 
320,  321,  391,  403,  404,  405, 
420,  470,  473,  478,  479,  482, 
484.494,496,  512,  531,  532 

Suetonius,  10,  134 

Sulzer,  J.  G.,  291 

Surell,  207 

Sutherland,  236 

Swallow,  G.  C.,  454 

Swedenborg,  E.,  116 

Sz^chenyi,  Count,  373 


Tacitus,  258 

Tallavignes,  528 

Tait,  P.  G.,  169 

Targioni-Tozzetti,  O.,  35,  20S 

Teall.  J.  J.  H.,  332,  336.  349 

Tenlzel,  E.,  134 

Tcrquem,  M.  O.,  384 

Thales,  3 

Theodori,  C.,  416 

Theophrastus,  7,  17,  172 

Thiolli^rc,  V.,  411 

Thirria,    E„    429,    499,    500,    501, 

510.  517 
Thomson,  James,  234 

Thomson,  Vauglian,  393,  397 

Thomson,    Sir  VV.    (Lord    Kelvin), 

169,  178,  179.  234 

Thomson,  Sir  Wyville,  216,  387,  393 

Thoroddsen,  T. ,  267 

Thoulet.  F.,  333 

Thilrach,  II.,  463 


Thurmann,  Jules,    184,    296,    302, 

303.    313*    315.   5oo»   501 y   502, 
507,  510.  517 
Tielze.  E.,  198,  211,  272,  452,  525 

Tilas,  Daniel,  117 
Tilesius,  385 
Tillo,  von,  182 
Topley,  W.,  209,  511 
Torell,  O.,  150,  185,  232,  233,  539 
Torre,  J.  M.  delia,  45 
Torrubia,  Jose,  108 
Toula,  F.,  285,  416,  420 
Traquair,  Ramsay,  366,  412 
Trautschold,  H.,  292,  513 
Trebra,  F.  W.  H.  von,  38 
Troschel,  F.  H.,  411 
Tschermak,  Gustav,  164,  330,  331 
Tuckey,  255 
Tullberg,  S.  A.,  447 
Tyndall,  J.,  234,  357 

U 

Ulrich,  E.  O.,  398 
Unger,  Franz,  243,  370,  373 
Upham,  W.,  235,  293 
Usiglio,  218 

V 

Vacek,  M.,  525 

Vaillant,  416 

Vallisnieri,  Antonio,  31,  32,  45,  297 

Valvasor,  205 

Vanuxem,  441,  442 

Varenius,  B.,  25,  172,  181 

Vasco  da  Gama,  12 

Venetz,   221,   222,    224,    226,   230, 

231,  539 
Verbeek,  R.  D.  M.,  273 

Verneuil,  E.   P.  do,  399,  435,  436, 

443i  450 
Villiers,  Brocbanl  do,  143,  299,  430 

Vinci,  Leonardo  da,  14.  23 

Vogel,  II.  W..  158,  218 

Vogelsang,  II.,  329,  330,  336 

Vogt,  C.,  224,  227,  291,  411,  412 

Voigl,  J.  K.  W.,  49,  60,  82,  83,  86, 

123,  142,  241,  268,  296,  357 

Voisins,  d'Aubisson  dc,  57,  61,  loi, 

I43»  144 
Volgcr,  Olio,  178,  244,276,  2SI:  291 

Volla,  S.,  94,  132 

Vollz,  F.,  406,  459,  499,  5C» 


5  S3 


INDEX   OI"   AUTHOHa 


W 
Wa-Tgen,  W.,  836,  394,  400,   4QI. 

403,  404.  456,  497,  510,  513 
Wachsrauth,  C,  394 
Wflda,  273 

Wadswoilh,  M.  E,,  33a 
Wagnec,  Andicas,   166,   305,   341, 

411.  416.  418,420 
Wagner,  P.  ChiiKian,  ai 
Wngncr.  Ruduir,  305 

\VBhnschaffe.  F.,  540 

Wakh,  J.  E.  F„  21,  ",  "5.  '29, 

40s 

Walcott,  C.  D.,  393,  408,  440,  445 

Waklheim,  Fischer  von,  363 

Wallflce,  A.  R,,  194,  375 

Wallhet,  J.,  198,  249 

Wall,  G,,  US 

Websky,  M.,  329 

Webster,  T.,  114,144,426.511,526 

Wedfl,  C.  W.,  20 

Weed,  W.  H,,  MJ 

Weincfk,  tCl 

Wfiss,  C.  E.,  453,  455,  463 

Weilliurct,  A.,  420 

Wcmer.  A.  G.,  i,i,  47.  48,  S4i  56f 
S7i  5^-  59>  ^p  ^'i  f"',  ^4i  ^7'  ?', 
7jt,7.S.  77.81. Sj,H3,S4.S5,S7, 
8s,  Si,  90,  92,  lai,  103,  [OS,  106, 
107,  no.  112.  115.  117,  lis 
lai.  122,  123,  124.  125,  'j8 
143,  M4,  145.  166,  17;,  iSi 
soS,  21(1,  255,  264.  26S,  2q6,  30a, 
3'5.  324,425.4-27.432.45.!.  5'S 

Weslwuod,  J,  O,,  409 

Whfclcr,  G.,37t 

WliUlon,  Willmin,  20,  30,  42,  76. 


Willis,  IJiiilcy,  .115 


WilliRtun.  S.  W.,  416 

Willuughliy,  410 

Wimann,  393 

Winkelmann.  170,  179 

WiunuknD,  II.  L.,  364,  466,  4(17 

Witham,  11.,  369 

Wohrmann,   S.   F.   vmi,  401,  4S1, 

493.  494 
Woldricli,  J.  N„  420 
WolfT,  H.,  S37 
Wolluton.  21S 
WolteisdorfT,  414 
Wood,  Searlcs,  401 
Woodwan),  A.  Smith,  ]8i,  vo,  41J 
Woodward,  H.  B  ,  522 
Woodwird,  Henry,  3G6,  406.  (O^ 

409 
Woodwanl,  John,  19,  ao,  29,  Jl; 

42,  76,  109,  120,  127 
Woodward,  S,  V.,  401 
Wooller,  133 

Worihen,  A.  H.,  393,  454 
Wottman,  J.  L  ,  424 
Wiedc,  130 

Wright,  T.,  235,  3ni.  396 
WUdcnlictgcr,  L.  411+ 
Wynne,  A.  II.,  2S3 

X 

X:in!ln.3.  3 
XuilOplUNCS,  3 

Y 

Young,  G..  157,49s 


Zekdi.  l.J,52; 
Zf«schn.r.  U.s,; 
/ieleii,  C.  li.  11,11.4, 

Zien...  A.  ,li,  411 


.    1,    r;    .\..       1    ..   ,:,,    14S.    I9S, 

I,  ;!2,  217,  y>4.  166,373.  !*>. 
ii3^S.3i*7.iSS,40i,4Q3,4io, 
I.  ■<"■'.  S'3.  S2(- 


INDEX  OF  SUBJECTS. 


volcanoes  of,  273 
,  volcanoes  of,  273 
imestone,  243,  491 
he,  53  et  seq,^  87  et  seq.^  221 
q.,  302,  308,  465  et  seq.,  499 

h 

a,  geology  of,  1 20 

nites,  403 

bians,  fossil,  133,  412 

chian  mountains,  304,  315 

in  rocks,  439 

pods,  fossil,  132,  406  ei  seq. 

s,  6,  187 

phere,  geological   action   of, 

•Hungary,  geology  of,  87  et 

:ne,  geology  of,  45,  97,  100 

B 

nian  creation  myths,  2 
early  views  regarding,   40, 
later    views,     84,    97,    99, 
114,    123,    124,    256,    261, 

271.  330»  341 
te,  277,  362 

I,  geology  of,  87,  480 

lites,  405 

n,  geology  of,  106 

fossil,  418 

)pods,  fossil,  398  et  scq.^  473 

coal,  240 


an  series,  433  et  seq.y  441 
Islands,  256 


Carboniferous  series,  450 
Caves,  205 

Cephalopods,  fossil,  402 
Chalk,  244,  326,  515  ^/  seq. 
Challenger  Expedition,  216 
Cleavage,  356  ^  seq. 
Coal,  83,  109,  241 
Coelenterates,  fossil,  388  et  seq, 
Conchology,  131,  400 
Conglomerates,  86,  353 
Continents,  origin  and  structure  of, 

295  et  seq. 
Corals,  fossil,  389  et  seq. 
Coral  reefs,  245  et  seq,^  491  et  seq. 
Cosmogony,  1 53  et  seq. 
Creation,  myths  of,  2 
Cretaceous  system,  514  ^/  seq, 
Crinoids,  129,  393 
Crust-movement,  291 
Crustacea,  fossil,  406  et  seq, 

D 

Dead  Sea,  219 

Denudation,  212  ^/  seq, 

Devonian  system,  448 

Diluvial  formation,  538 

Dinosaurs,  416 

Dolinas,  204 

Dolomites,  97,  250,  269,  298,  468, 

477,  491 
Drift  theory,  230 

Dynamo-metamorphism,  357  et  seq. 

E 

Earth,  origin  and  constitution  of, 
166;  physical  description  of,  172; 
form  and  weight  of,  174  ;  internal 
heat  of,  175  ;  morphology  of,  181 


INDEX  OF  SUBJECTS. 


S6l 


N 


Naphtha,  253 

Nebular  theory,  79,  153,  167 
North  America,  volcanoes  of,  273 
Norway,  geology  of,  117 
Nummulites,  257 


O 


g  Ocean,  sediments  in,  215 

t  Oceant^raphy,  182,  213,  215 

'  Oligocene  formation,  534 

I  Oolitic  series,  497 

I  Ophite,  102 

I  Organisms,  geological  action  of,  239 

I         et  ieq, 

\  Organs,  geological,  204 


Palaeontology,  125  ^/  seq,^    363  et 

seq. ;  also  see  Fossils 
Palaeozoic  strata,  436,  44S 
Paris  iKisin,  geology  of,  104 
Peat,  240 

Pebbles,  formation  of,  212 
Permian  system,  453  ei  seq. 
Petrography,  122 
Petroleum,  253 
Planets,  157 

Pleistocene  formation,  538 
Porphyritic  rocks,  324,    337,    345, 

348,  351 
Porphyritic  structure,  337 
Pre-Cambrian  rocks,  439 
Protozoa,  383  et  seq. 
Pyrenees,  geology  of,  10 1 


Quaternary  formation,  538 


R 

Radiolaria,  fossil,  3S5 
Raised  l)eaches,  286 
Red  clay,  217 


Reptiles,  fossil,  133,  415 
Rhine,  volcanoes  of,  25S 
Rhon,  volcanoes  of,  26S 
Rivers,  action  of,  207  et  seq. 
Russia,  geology  of,  119 


Salt  deposits,  219,  485,  490 

Salt  Lake,  218 

Sand-dune,  199 

Sand-pipes,  204 

Santorin  Isles,  267 

Scandinavia,  geology  of,  115  ^^  ^^Q' 

Schists,  353  et  seq. 

Scotland,  geology  of,  113;  volca- 
noes of,  270 

Sea,  invasion  of  land  by,  212  ^/  seq.^ 
286 

Sea-level,  fluctuations  of,  292 

Secular  movements  of  upheaval,  285 
et  seq. 

Sedimentary  strata,  origin  of,  351, 
426 

Sedimentation,  303 

Sediments  in  ocean,  215 

Seismometers,  282 

Serapeum,  changing  level  of,  289 

Silurian  system,  433  et  seq.^  441  et 
seq. 

South  America,  volcanoes  of,  275 

Spain,  geology  of,  108 

Spectroscope,  154 

Sponges,  fossil,  129,  386  et  seq. 

Springs,  200 

Stars,  falling,  163 ;  fixed,  187 

Stratigraphy,  early,  37,  49,  59 ; 
later,  84  et  seq.y  88,  in,  425  ct 

SCIJ. 

Sun,  constitution  of,  156 
Sun-spots,  I  $6 
Surfusion,  theory  of,  342 
Swallow-holes,  204 


Tectonic  structure,  295  ct  seq. 
Teeth,  fossil,  410,  413 
Tertiary  system,  105,  ^26  ct  sc({. 
Thuiii\gva,  ^eo\o^>i  o\,'i^^'^'i>^'^S 


rulB^fin«nBoC  t^^^ 


^n,^s^tfi,mMt.M 


NEW   BOOKS 

IMPORTED   BY 

CHARLES  SCRIBNER'S  SONS, 

NEW   YORK   CITY. 


GREAT  WRITERS. 

A  NEW  SERIES  OF  CRITICAL  BIOGRAPHIES  OF  FAMOUS 
WRITERS  OF  EUROPE  AND  AMERICA. 

LIBRARY  EDITION. 

Printed  on  large  paper  of  extra  quality^  in  handsome  binding^ 

Demy  ^vo^  price  ^i.oo  each. 


ALPHABETICAL  LIST. 


PRESS  NOTICES. 

Life  of  Jane  Austen.     By  Goldwin  Smith. 

"  Mr.  Goldwin  Smith  has  added  another  to  the  not  inconsiderable  roll 
of  eminent  men  who  have  found  their  delight  in  Jane  Austen.  Certainly 
a  fascinating  book." — Spectator, 

Life  of  Balzac     By  Frederick  Wedmore. 

*'  A  finished  study,  a  concentrated  summary,  a  succinct  analysis  of 
Balzac's  successes  and  failures,  and  the  causes  of  these  successes  and 
failures,  and  of  the  scope  of  his  genius." — Scottish  Leader, 

Life  of  Charlotte  Bronte.     By  A.  Birrell. 

"Those  who  know  much  of  Charlotte  Bronte  will  learn  more,  and  those 
who  know  nothing  about  her  will  find  ail  that  is  best  worth  learning  in 
Mr.  Birreirs  pleasant  book." — St.  James'  Gazette, 
Life  of  Browning.     By  William  Sharp. 

*•  This  little  volume  is  a  model  of  excellent  English,  and  in  every  respect 
it  seems  to  us  what  a  biography  should  be." — Public  Opinion. 


New  York :  Charles  Scribn^il's  Sot*^ 


» i.ri  iMUL 


Life  of  Nathaniel  Hawthorne.     By  Moncure  Conway. 

"  Easy  and  conversational  as  the  tone  is  throughout,  no  important  (act 
is  omitted,  no  useless  fact  is  recalled." — Speaker, 

Life  of  Heine.     By  William  Sharp. 

"  This  is  an  admirable  monograph  .  .  .  more  fully  written  up  to  the 
level  of  recent  knowledge  and  criticism  of  its  theme  than  any  other  English 
work." — Scetsman, 

Life  of  Victor  Hugo.     By  Frank  T.  Marzials. 

"  Mr.  Marzials*s  volume  presents  to  us,  in  a  more  handy  form  than  any 
English,  or  even  French  handbook  gives,  the  summary  of  what,  up  to  the 
moment  in  which  we  write,  is  known  or  conjectured  about  the  life  of  the 
great  poet." — Saturday  Review. 

Life  of  Samuel  Johnson.     By  Colonel  F.  Grant 

"  Colonel  Grant  has  performed  his  task  with  diligence,  sound  judgment, 
good  taste,  and  accuracy." — Illustrated  London  News, 

Life  of  Keats.     By  W.  M.  Rossetti. 

"Valuable  for  the  ample  information  which  it  contains." — Cambridge 
Independent, 

Life  of  Lessing.     By  T.  W.  Rolleston. 

"  A  picture  of  Lessing  which  is  vivid  and  truthful,  and  has  enough  of 
detail  for  all  ordinary  purposes." — Nation  (New  York). 

Life  of  Longfellow.     By  Prof.  Eric  S.  Robertson. 

"  A  most  readable  little  book." — Liverpool  Mercury, 

Life  of  Marryat     By  David  Hannay. 

"  What  Mr.  Hannay  had  to  do — give  a  craftsman-like  account  of  a 
great  craftsman  who  has  been  almost  incomprehensibly  undervalued — 
could  hardly  have  been  done  better  than  in  this  little  volume." — Man- 
chester Guardian, 

Life  of  Mill     By  W.  L.  Courtney. 

"  A  most  sympathetic  and  discriminating  memoir." — Glasgow  HercUd, 

Life  of  Milton.     By  Richard  Garnett,  LL.D. 

"  Within  equal  compass  the  life-story  of  the  great  poet  of  Puritanism  has 
never  been  more  charmingly  or  adequately  told." — Scottish  Leader, 

Life  of  Dante  Gabriel  Rossetti.     By  J.  Knight. 

"  Mr.  Knight's  picture  of  the  great  poet  and  painter  is  the  fullest  and 
best  yet  presented  to  the  public." — The  Graphic, 

Life  of  Scott     By  Professor  Yonge. 

"  For  readers  and  lovers  of  the  poems  and  novels  of  Sir  Walter  Scott, 
this  is  a  most  enjoyable  book. " — Aberdeen  Free  Press. 

Life  of  Arthur  Schopenhauer.     By  William  Wallace. 

"  The  series  of  *  Great  Writers '  has  hardly  had  a  contribution  of  more 
marked  and  peculiar  excellence  than  the  book  which  the  Whyte  Professor 
of  Moral  Philosophy  at  Oxford  has  written  for  it  on  the  attractive  and 
still  (in  England)  little  known  subject  of  Schopenhauer." — Manchester 
Guardian, 

Life  of  Shelley.     By  William  Sharp. 

"  The  criticisms  .  .  .  entitle  this  capital  monograph  to  be  ranked  with 
the  best  bio>graphies  of  Shelley." — Westminster  Revievj, 


New  York :  Charlks  Scilibi^wi*&  ^oi^^ 


*  *  ^^  *■#       ^k  S  *      «  ^"^^  ~  ^V  "  ™      ™         m. 


V,T= 


^--Tl    «t  _ 


:^     T-^   a^OK    »    *et-    xnax?^-     ---r-.-m 


"    :    »   _    ir;!  -•;-   '-fr    .  ";t   ~  :~:^:i  w 


V: 


■  ^ 


.i«- .  .->■     t..-.-r:     ;-r=     i^isuisr.:'-     :w 


2:r  >•!.*■ 


>■»■    <•- . 


*■  >  ■  "   "~    -^1 


-=-  -n 


**Ah  excellent  series,"— Telegraph. 

**  Excellently  translated ^  beautifully  bounds  and  elegantly 
printed,*' — LIVERPOOL  MERCURY. 

*•  Notab'e/or  the  high  standard  of  taste  and  excellent  judgment 
that  characterise  their  editings  as  well  as  for  the  brilliancy  of 
the  literature  that  they  contain,"— BosTOif  Gazette,  U.S.A. 


Library    of   Humour. 

Clo/A  Elegant,  Large  iimo,  Price  %\,2^ per  vol 

VOLUMES  ALREADY  ISSUED. 

The  Humour  of  France.  Translated,  with  an  Introduction  and 
Notes,  by  Euzabeth  Leb.  With  numerous  Illustrations  by  Paul 
Fr^nzeny. 

"  From  Villon  to  Paul  Verlaine,  from  dateless /o^/iaMjr  to  news- 
papers fresh  from  the  kiosk,  we  have  a  tremendous  range  cA 
selections." — Birmingham  Daily  Gazette, 
**  French  wit  is  excellently  represented.  We  have  here  examples 
of  Villon,  Rabelais,  and  Moliere,  but  we  have  specimens 
also  of  La  Rochefoucauld,  Regnard,  Voltaire,  Beaumarchais, 
Chamfort,  Dumas,  Gautier,  Labiche,  De  Banville,  Pailleron, 
and  many  others.  .  .  .  The  book  sparkles  from  beginning  to 
end." — Globe, 

The  Humour  of  Germany.  Translated,  with  an  Introduction  and 
Notes,  by  Hans  Mullkr-Casenov.  With  numerous  Illustrations 
by  C.  E.  Brock. 

"An  excellently  representative  volume.** — Daily  Telegraph, 
**  Whether  it  is  Saxon  kinship  or  the  fine  qualities  of  the  collec- 
tion, we  have  found  this  volume  the  most  entertaining  of  the 
three.  Its  riotous  absurdities  well  overbalance  its  examples  of 
the  oppressively  heavy.  .  .  .  The  national  impulse  to  make 
fun  of  the  war  correspondent  has  a  capital  example  in  the  skit 
from  Julius  Stettenheim." — New  York  Independent, 

The  Humour  of  Italy.  Translated,  with  an  Introduction  and 
Notes,  by  A.  Werner.  With  50  Illustrations  and  a  Frontispiece 
by  Arturo  Faldl 

"Will  reveal  to  English  readers  a  whole  new  world  of  litera- 
ture."— Athenaum. 
^' Apart  from  selections  of  writers  of  classical  reputation,  the 
book  contains  some  delightful  modern  short  stories  and 
sketches.  We  may  particularly  mention  those  by  Verga, 
Capuana,  De  Amicis.  .  .  .  Excellent  also  are  one  or  two  of 
the  jokes  and  'bulls'  which  figure  under  the  heading  of  news 
paper  humour." — Literary  World, 


New  York  :  CHARLES  Sc^ii^'si.^*^  So'tiv^ 


Tfee  Hamonr  of  America.     Selected,  wflh  >  eopont  Biognpliinl 
iBld  oi  Amcricaa  IlimomU,  bj  JAMCS  BaKK. 

*'  Thee  a  act  *  dull  page  in  the  Tolitme  ;  it  fair]/  apulda  ind 
lipples  "itb  good  things." — Maahtittr  Examiair, 

Tha  NwBour  of  HoIIaad.    Trualit«d.  with  an  iDirodiictioa  ant 
Notes,  by  A.  WEk-srat.    Wtb  nomeiout  lllustnlions  b7  Doitut 

"Aput  boa  tbeqvJitjof  bamnir.  one  U  much  it  nek  t^  Ui* 
evidence  thil  ia  Bollaad  diuing  the  creitnt  dav  ibett  a  » 
I  lilcntBT^  flf  whidi   ve  have  tnomi  aothioc  at  aB. 


geaial  lilcntBT^  ef  whidi  ve  havE  Itnoiiii  aothioc  at  aB. 
The  picwca,  jM  on  the  veise  of  cat>e»ture  monlT,  aie  tot 
«cl]  dlawn.''— n#  BMtmai. 

Th9  nmmomr  at  lr^*ad.    Selected  bjrD.  J.  O'Dohocmdi.    VUk 
utaeratu  lUcRiations  b;  OuvB*  pAijOK. 

■*A  Beat  coDscicBlJciiidT,  eibanttively,  MccUenll;  compiled 
book :  tbe  e£uu  e«k)d  sot  ba<rE  dose  bis  woik  bciler." — Tit 

"  Doe*  all  tbU.  tBcb  a  Tolufae  posiibljr  could  do  Tot  the  nute- 
Di&eBI  geaim  with  vhtcb  it  giipplei." — Cireii.-lt. 

The  Humour  of  Spain.     Timsliied,  wiih  an  Introduciion  and 
Xo:c5.  H-  Si--ErTE  M.  Taylor.     Wiih  numerous  Illuslralioni  bj 

II.    K.    MlLHR. 

•'  Mirth  inj  ernertainment  are  in  the  book  entitled  Ihe  Ilumnur 
of  >p.i:n.  as  veil  as  many  quaint  and  unexpected  sidelighli 
ca  the  social  character  Lit  ics  o(  an  impreuicinable  iicf.  Miss 
Ta}!or  di^plafs  a  wide  acquaintaDi^  with  SpiniBb  iiieraluie 
and  coniemporary  life,  and  as  her  judgment  as  well  as  her 
knowWije  is  cor.jiderablc,  the  result  is  a  charming  bt  ok.'  — 

"  The  imi'iession  of  the  whole  book  is  a  gcxid  one,  and  it  is 
admira;  !y  got  up,  and  illustrated  with  great  spiiit.  It  ihould 
be  »eij-  laigcly  lead."— Z'ar'/r  ChrsaiiU. 


most  entertaining  of  the  'Inlernatio 
ince  it  comprises  some  really  eiqui; 
r,  such  as  Go:;o;'s  divedinj;  little  come 
itrovsky's  dilightf^ul  sketch,    '  iDComp 


The  Contemporary  Science  Series. 

Edited  by  Havelock  Ellis. 

i2mo      CiotK     Price  $1.^0 per  Volume. 

L  THE  EVOLUTION  OF  SEX.     By  Prof.  Patrick  Geddes 
and  J.  A.  Thomson.     With  90  Illustrations.     Second  Edition. 

"  The  authors  have  brought  to  the  task — as  indeed  their  names  guarantee 
— a  wealth  of  knowledge,  a  lucid  and  attractive  method  of  treatment,  and  a 
rich  vein  of  picturesque  language." — Nature, 

XL  ELECTRICITY   IN    MODERN    LIFK      By  G.   W.   de 

TUNZELMANN.     With  88  Illustrations. 
**  A  clearly-written  and  connected  sketch  of  what  is  known  about  elec- 
tricity and  magnetism,  the  more  prominent  modern  applications,  and   the 
principles  on  which  they  arc  based.** — Saturday  Review, 

IIL  THE    ORIGIN    OF   THE    ARYANS.      By     Dr.  Isaac 

Taylor.     Illustrated.     Second  Edition. 

"  Canon  Taylor  is  probably  the  most  encyclopaedic  all-round  scholar  now 

living.     His  new  volume  on  the  Origin  of  the  Aryans  is  a  first-rate  example 

of  the  excellent  account  to  which  he  can  turn  his  exceptionally  wide  and 

varied  information.  .  .  •  Masterly  and  exhaustive." — Fall  Mall  Gazette, 

IV.  PHYSIOGNOMY  AND  EXPRESSION.     By  P.  Mante- 

GAZZA.     Illustrated. 
"Brings  this  highly  interesting  subject  even  with  the  latest  researches. 
.  .  .  Professor  Mantegazza  is  a  writer  full  of  life  and  spirit,  and  the  natural 
attractiveness  of  his  subject  is  not  destroyed  by  his  scientific  handling  of  it." 
Literary  Aflpr A/ (Boston). 

V.  EVOLUTION  AND  DISEASE.     By  J.  B.  Sutton,  F.R.C.S. 

With  135  Illustrations. 
"The  book  is  as  interesting  as  a  novel,  without  sacrifice  of  accuracy  or 
system,  and  is  calculated  to  give  an  appreciation  of  the  fundamentals  of 
pathology  to  the  lay  reader,  while  forming  a  useful  collection  of  illustrations 
of  disease  for  medical  xt^^itno.^.*^— Journal  of  Mental  Science. 

VL  THE    VILLAGE    COMMUNITY.     By   G.    L.   Gomme. 

Illustrated. 

*•  His  book  will  probably  remain  for  some  time  the  best  work  of  reference 

for  facts  bearing  on  those  traces  of  the  village  community  which  have  not 

been  effaced  by  conquest,  encroachment,  and  the  heavy  hand  of  Roman 

law." — Scottish  Leader, 

VIL  THE   CRIMINAL.     By  Havelock  Ellis.     Illustrated. 

Second  Edition. 
•*The  sociologist,  the  philosopher,   the  philanthropist,   the  novelist — 
all,  indeed,  for  whom  the  study  of  human  nature  has  any  attraction — will 
find  Mr.  EJlis  full  of  interest  and  suggestiveness." — Academy, 

VIII.  SANITY  AND  INSANITY.    Dy  Dr.  Charles  Mercier. 

Illustrated. 
"  Taken  us  a  whole,  it  is  the  brightest  booV  oxv  VVvt  ^\v>ii\ca\  la.^^  ^ 
mentAj  science  published  in  our  time." — Pall  Mall  Gaiettc. 


New  York:  Charles  ScRiBNUiia  Sr»i?s 


«-«.«•  «A«4I 


•( 


Li.Aini  s  uuuK.  Will  Win  tne  sympathy 
both  by  the  knowledge  it  displays,  and  by  a  ihormi^ 
of  his  subject,  which  is  evident  throughout." — Specti 

XII.  PRIMITIVE  FOLK.     By  Elie  Rec 

.  *'An  attractive  and  useful  introduction  to  the  s 

'  ethnograpy. " — Nature. 

I  XIII.  THE  EVOLUTION  OF  MARRIA 

i  Letourneau. 

i  t  «  Among  the  distinguished  French  student!  of  todi 

neau  has  long  stood  in  the  first  rank.^  He  approa 
man  free  from  bias  and  shy  of  generalisations.  To 
appraise  facts  is  his  chief  business.  In  the  volume  b 
qualities  in  an  admirable  degree." — Science. 

XIV.  BACTERIA   AND   THEIR  PRODI 

'  Sims  WooDHEAa     Illustrated.    Second 

"  An  excellent  summary  of  the  present  state  of  knc 
— Lancet 

XV.  EDUCATION  AND  HEREDITY. 

**It  is  at  once  a  treatise  «n  sociology,  ethics,  a 
doubtful  whether  among  all  the  ardent  evolutionists  n 
on  the  moral  and  the  educational  question  any  one  . 
new  doctrine  so  boldly  to  its  extreme  logiail  con 
Sully  in  Mind, 

XVI.  THE  MAN  OF  GENIUS.     By  Prot 

trated. 
"By  far  the  most  comprehensive  and  fascinating 
generalizations  concerning  genius  which  has  yet  be 
— /(W/rf/a/  of  Mental  Science* 

XVII.  THE   HISTORY  OF  THE   EURO 
Bv  R.  F.  SrHAPTP  R  Q/^    pu  ri    T7  -7  o     . 


XIX.  VOLCANOES,  PAST  AND  PRESENT.  By  Prot 
Edward  Hull,  LLD.,  F.R.S. 

"A  very  readable  account  of  the  phenomena  of  volcanoes  and  earth- 
quakes."— Nature, 

XX.  PUBLIC   HEALTH.     By   Dr.   J.   F.   J.   Sykes.     With 

numerous  Illustrations. 
'*Not  by  any  means  a  mere  compilation  or  a  dry  record  of  details  and 
statistics,  but  it  takes  up  essential  points  in  evolution,  environment,  prophy- 
laxis, and  sanitation  bearing  upon  the  preservation  of  public  health."— 
Lancet* 

XXL  MODERN  METEOROLOGY.  An  Account  of  the 
Growth  and  Present  Condition  of  some  Branches 
OF  Meteorological  Science.  By  Frank  Waldo,  Ph.D., 
Member  of  the  German  and  Austrian  Meteorological  Societies, 
etc;  late  Junior  Professor,  Signal  Service,  U.S. A.  With  112 
Illustrations. 

"  The  present  volume  is  the  best  on  the  subject  for  general  use  that  wc 
have  seen." — Daily  Telegraph  (London). 

XXIL  THE  GERM-PLASM :  A  THEORY  OF  HEREDITY. 

By   August    Weismann,   Professor    in    the    University    of 

Frciburg-in-Breisgau.    With  24  Illustrations.    $2.50. 

"  There  has  been  no  work  published  since  Darwin's  own  books  which 

has  so  thoroughly  handled  the  matter  treated  by  him,  or  has  done  so  much  to 

place  in  order  and  clearness  the  immense  complexity  of  the  factors  of  heredity, 

or,  lastly,  has  brought  to  light  so  many  new  facts  and  considerations  bearing 

on  the  subject." — British  Medical  Journal, 

XXIIL    INDUSTRIES    OF    ANIMALS.      By  F.   Houssay. 
With  numerous  Illustrations. 
*'  His  accuracy  is  undoubted,  yet  his  facts  out-marvel  all  romance.     These 
fiicts  are  here  made  use  of  as  materials  wherewith  to  form  the  mighty  fabric  of 
evolution." — Manchester  Guardian, 

XXIV.  MAN  AND  WOMAN.  By  Havelock  Elus.  Illus- 
trated.   Second  Edition. 

"  Mr.  Havelock  Ellis  belongs,  in  some  measure,  to  the  continental  school  of 
anthropologists ;  but  while  equally  methodical  in  the  collection  of  focts,  he  is 
far  more  cautious  in  the  invention  of  theories,  and  he  has  the  further  distinction 
of  being  not  only  able  to  think,  but  able  to  write.  His  book  is  a  sane  and 
impartial  consideration,  from  a  psychological  and  anthropological  point  of 
view,  of  a  subject  which  is  certainly  of  primary  interest." — Athenaum, 

XXV.  THE  EVOLUTION  OF  MODERN  CAPITALISM. 
By  John  A.  Hobson,  M.A. 

"  Every  page  affords  evidence  of  wide  and  minute  study,  a  weighing  of 
facts  as  conscientious  as  it  is  acute,  a  keen  sense  of  the  importance  of  certain 
points  as  to  which  economists  of  all  schools  have  hitherto  been  confused  and 
careless,  and  an  impartiality  generallv  so  great  as  to  give  no  indicaJtio^  ol  ^Sak 
[Mr.  Hohson'sJ  pc/sonaJ  sympathies.^*— Po/Z  Mall  GamXX%. 

New  Vork:  Cha&lbs  Scilib^IiW^  %o^^ 


HVX     APPAWnOHS    AND    THODGHT-TRAN! 

ENCE.    Br  FuXK  PODMOU,  HA. 

A  mil  miwi  ■■■IhaiiKliiliiHi  liml     .  .  .  nuilmcht-tn 
k  a  i«al  iBBfr  lfciin>  Ml  periBpi  ■  wf  fninnw  thb^   be 

XXVIL     AS    INTRODDCTIOS    TO    COMPARATIVK 
PSYCHOLOGY.    By  PidTcssot  C.  Llotd  Morgaw.    Witk 
DUgiams. 
"  A  luoic  utd  cDvpleU  cEpwitioM  «f  P^'cbolo^,  u  h  take*  tfa*fj«  b  • 

■dad  (jerieaSy  infcnBoil  wilk  biolci^at]  KiaicF.  .  .  .  Well   wriu^  a. 

ttESielr  asUftnaiii^  bmI  iiiliimil  iHj  nlviUe.'' — 5Marrf*f  Xtwifm. 

XXVTIL    THB  ORIGINS  OF  INVENTION :   A  Stuot  or 

mPOSTKT  AKOltC  PutOTTVS  PEOPLES,      Bj  OtIS  T.  MASOK, 

Cmaior  of  ili«  DepMtnwm  of  EthiMlagy  in  the  Uniled  State* 
NatioDsl  MusconL 


XXIX.  THE  GROWTH  OF  THE  BRAIN:  A  Study  or 
THE  Nervous  System  in  xelatiox  to  Education,  By 
HcNRV   HERBtRT  DoilAiJ>sOK,  PtofessoT  Of  Ncuratoicy  ia 

lhcL-niver5]w  of  Chicago. 
"We  cm  say  *r.:h  confidence  thai  Professor  DoruJdsoa  has  eiecuted  hii 
Koik  Kiih  m-ch  caie,  judgment,  and  discriminilion," — Tie  LaHnl. 

XXX.  EVOLUTION  IN  .^RT:  As  Illustrated  bv  the 
Life-Histories  of  Designs.  By  Professor  Alfred  C. 
Haddon.       With  130  lilujirations. 

"  II  b  impossible  10  spat  too  highly  of  this   most  unissuming  »nd 
iayi\is.h\t  \yy,]i." —/iiurnal  Anlhn^e.'ogicai  Inttilule. 

XXXI.  THE  PSYCHOLOGY  OF  THE  EMOTIONS.  V.-. 
Th.  Rieot,  Pro'essor  at  the  College  of  France,  Editor  of  the 
Rr~-ue  Phi!oso,'lu\-ut. 

"  Piore^sai   Ribol's   treatment    19   caieful,    modern,   and    adequate.''— 

XXXn.     HALLUCINATIONS  AND  ILLUSIONS;  A  Studv 

OF    THE    Fallacies    of     Perceptio.>(.      By    Edmund 
Parish. 
"  Tbi»  Kmajkable  Utile  volume." — Dailjt  Newt. 

XXXIII.  THE  NEW  PSYCHOLOGY.  By  E.  \V.  Scrip- 
ture, Ph.U.  (Leipzig).    With  124  Illustrations. 

XXXIV.  SLEEP:  Its  Physiology,  Pathology,  Hygiene,  ani 
Psychology.  By  Marie  de  ManaceYne  {St.  i'eiersburg). 
1 II  usi  rated. 

New  York;  Char\.is  Scw^sitfa  ^os^ 


XXXV.  THE  NATURAL  HISTORY  OF  DIGESTION. 
By  A.  LocKHART  Gillespie,  M.D.,  F.R.C.P.  Ed.,  F.R.S. 
Ed.     With  a  large  number  of  Illustrations  and  Diagrams. 

**  Dr.  Gillespie's  work  is  one  that  has  been  greatly  needed.  No  com- 
prehensive collation  of  this  kind  exists  in  recent  English  literature.  All  the 
important  work  that  has  appeared  within  the  past  few  years  is  discussed  so  far 
as  the  limits  of  the  book  allow  of  discussion,  and  extremely  little  of  value  has 
been  omitted.  Not  least  interesting  are  the  accounts  of  the  author's  own 
original  work." — American  Jotintal  of  the  Medical  Sciences, 

XXXVI.  DEGENERACY :  Its  Causes,  Signs,  and  Results. 
By  Professor  Eugene  S.  Talbot,  M.D.,  Chicago.  With 
Illustrations. 

"  The  author  is  bold,  original,  and  suggestive,  and  his  work  is  a  con- 
tribution of  real  and  indeed  great  value,  more  so  on  the  whole  than  anything 
that  has  yet  appeared  in  this  country." — American  Journal  of  Psychology, 

XXXVII.  THE  RACES  OF  MAN:  A  Sketch  of  Ethno- 
graphy and  Anthropology.     By  J.  Deniker.     With  178 

Illustrations. 

**  Dr.  Deniker  has  achieved  a  success  which  is  well-nigh  phenomenal. 
.  .  .  The  well-chosen  and  carefully-executed  illustrations  greatly  enhance  the 
value  of  the  work,  which  we  do  not  hesitate  to  pronounce  the  best  small 
treatise  on  its  subject  which  has  appeared  of  recent  years  in  our  language." — 
British  Medical  Journal. 

XXXVIII.  THE    PSYCHOLOGY    OF    RELIGION.      An 

Empirical  Study  of  the  Growth  of  Religious  Con- 
sciousness. By  Edwin  Diller  Starbuck,  Ph.D.,  Assistant 
Professor  of  Education,  Leland  Stanford  Junior  University. 

**  No  one  interested  in  the  study  of  religious  life  and  experience  can  afford 
to  neglect  this  volume." — Morning  Herald, 

XXXIX.  THE  CHILD  :  A  Study  in  the  Evolution  of  Man. 
By  Dr.  Alexander  Francis  Chamberlain,  M.A.,  Ph.D., 
Lecturer  on  Anthropology  in  Clark  University,  Worcester, 
Mass.     With  Illustrations. 

"  The  work  contains  much  curious  information,  and  should  Ixi  studied  by 
those  who  have  to  do  with  children." — Sheffield  Daily  Telegraph. 

XL.  THE  MEDITERRANEAN  RACE.  By  Professor  Sergi. 
With  over  100  Illustrations. 


New  York  :  Charles  Scribnrr's  Sons. 


IBSEN'S    DRAMAS. 

Edited  by  William  Archer. 


,  CLOTH.   PRICE  St.as  PER    VOLUME. 


Km  at  Uut  It  Jv  ihnm  me»  mJ  mnn*  ei  lit^  are  ;  amJ  «t  trttUM 
lia»  9*  ta»  tmittrt.  .  .  .  AH  Itw't  ckn'a.itn  if«ti  ami  ^, 
nkXfattatd,  amd mnJir  Itdir  cnafe^i  ttrttinu  dtm^Hi  t» 
TlktT*i»€V€i  »u  imck  a  tairrar  kt-'J  mf  It  ncimn  t^tn. 
JM luiitk.  ...  Ytta*  mutt  nlwna  u  ftuti,  wUt  kit  nrntrttlttt  n 
iu  rwmtntUu  Attnc-H^,  mmlU  w«,  tm,  *«*v  frtam  ttrtmg  amd  itanud  It 
fat*  lit  Haktd—if  namarj,  iJu  f^rU  ck/  M*£v— ntcAi^."— SrsAKta 

Vou  L  "A  DOLL'S  HOUSE."  "THE  LEAGUE  OF 
YOUTH."  wd  "THE  PILLARS  OF  SOCIETY.-  Wiib 
Pomait  of  the  Aulhior,  jUmI    liioi-nphiaJ    Inlrodcctian   bf 

WtU-lAMAnCBUt 

Vol  II.  "GHOSTS,"  "AN  ENEMY  OF  THE  PEOPLE," 
and  "THE  WILD   DUCK."     Wiih  an  Introductory  Note. 

Vol.  hi  '  LADV  INC.ER  OF  OS TRAT,"  "THE  VIKINGS 
AT   HELGELAND,"    "THE    PRETENDERS.'     With  an 

Introductory  Note  and  Portrait  of  Ibscn. 

Vol  IV.  "EMPEROR  AND  G.ALILEAN,"  With  ao 
Introductory  Note  by  William  Archer. 

Vol  V.      ■ROSMERSHOI.M."   "THE  LADV  FROM  THE 

SEA,"    -HEPDA    GABLER."      Translated    by    WiLt.HM 
AkCHER.     With  an  lnlroductot>-  No;e. 

Vol  VL     "TEER    GVNT:     A     DRAMATIC    POEM* 

Authorised  Ti.ins'ation  by  Wu.leam  and  CHARLES  AKCHER. 

Thf  ieii::cnce  of  ihe  (■'.jy;  I'l  f^\  ve'-u-nt  is  chr,>r.^.?,.i;ii-i! :    the  eomplctc 
>el  i>f  Vi'iumei  cotnjirisirij;  th;  liiimis  thus  [>tt^er.ii   -..'leiii    in  chronologia! 

"  Tlif  jit  o(  ['rose  ttinibtion  di-*s  rot  perhaps  enjoy  %  Tery  high  li^Ti.'T 

best  »chieTemenii,  in  thit  kin.l,  o(  our  generiun."— .-i.j.//-.^. 

"  We    hiTc    nldom,    il    erer.    met    with    »    trjn,l»ii,.n    to    nFwolnleli 
Idioomic."— (7/j(iTa'  HtTj.j. 

New  Votk:  Chahlbs  ScaiBNtti's  S'^Vf  (. 


THE    BORROWER    WILL    BE    Cn.... 

THE  COST  OF  OVERDUE  NOTIFICATI^r  1 

IF   THrS   BOOK   IS  NOT  RETtHlNED  TO 

ILARY  ON  OR  BEFORE  THK  LAST 
PlMPM>  BELOW. 


1 


